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PREFACE 


The Navy will always employ new weapons, newtechniques, and greater 
power to protect and defend the United States on the sea, under the sea, 
and in the air. The Torpedoman mustknow the role his rating plays in the 
protection and defense of his country, and be familiar with the newest 
developments in his rating. 

The course was written for men of the Navy and Naval Reserve who 
are studying for advancement to the rate of Torpedoman 3 or 2. When 
supplemented by practical experience in the maintenance and repair of 
torpedoes, this course will help the Torpedoman’s Mate to meet the quali- 
fications for advancement in rating. The qualifications for advancement 
in rating are listed as appendix m at the end of this course. 

This is an introduction to torpedoes. It covers basic principies, work- 
shop tools and equipment, and explosives. It also describes the various 
parts of the torpedo, and explains their operation and nomenclature. It 
covers torpedo maintenance and overhaul, torpedo tubes, torpedo fire con- 
trol, depth charges, and basic electricity and electronics as applied to the 
torpedo rating. 

Torpedoman’s Mate 3&2 is one of a series of Navy Training Courses. 
It was prepared for the Bureau of Naval Personnel by the U. S. Navy 
Training Publications Center, Washington 25, D. C. Technical assistance 
was provided by the Bureau of Naval Weapons and the Naval Advanced 
Undersea Weapons School, Naval Base, Key West, Florida. 


This 1961 edition supersedes previous editions of Torpedoman’s 
Mate 3&2 texts, NavPers 10155 and NavPers 10156. 
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ACTIVE DUTY ADVANCEMENT REQUIREMENTS 


REQUIREMENTS * 

EI to E2 

E2 to E3 

E3 to E4 

E4 to E5 

E5 to E6 

E6 to E7 

t E7 to E8 

t E8 to E9 

SERVICE 

4 mos. 
Service— 

or 

comple¬ 
tiori of 
recruit 
training. 

6 mos. 
as E-2. 

6 mos. 
as E-3. 

12 mos. 
as E-4. 

24 mos. 
as E-5. 

36 mos. 
as E-6. 

48 mos. 
as E-7. 

8 of 11 
years 
total 
Service 
must be 
enlisted. 
Must be 
perma¬ 
nent 
appoint- 
ment. 

24 mos. 
as E-8. 
10 of 13 
years 
total 
Service 
must be 
enlisted. 

SCHOOL 

Recruit 

Training. 


Class A 
for PR3, 
DT3, PT3. 

. ' |: (I IJi 

'ii 

■■ W: 

:• . 7 ; • 

lilliillll 

Class B 
for AGCA, 
MUCA, 
MNCA. 

PRACTICAL 

FACTORS 

Locally 

prepared 

check- 

offs. 

Records of Practical Factors, NavPers 760, must be 
completed for E-3 and all PO advancements. 

PERFORMANCE 

TEST 

• . : •.^ ^ 

•: ' ; .. . 

*• * ; * 

V’ ! •>, ’ • • . • 

_ 

Specified ratings must complete 
applicable performance tests be- 
fore taking examinations. 



ENUSTED 

PERFORMANCE 

EVALUATION 

As used by CO 
when approving 
advancement. 

Counts toward performance factor credit in ad¬ 
vancement multiple. 

EXAMINATIONS 

Locally prepared 
tests. 

Service-wide examinations required 
for all PO advancements. 

Service-wide, 
selection board, 
and physicaf. 

NAVY TRAINING 
COURSE (INCLUD- 
ING MILITARY 
REQUIREMENTS) 

' .. 5;- : ' ; ; 

:* : 

’• /; • ... v’ 

i 

: \** : ‘j:|*** * • 

Required for E-3 and all PO advancements 
unless waived because of school comple- 
tion, but need not be repeated if identical 
course has already been completed. See 
NavPers 10052 (current edition). 

Correspondenfce 
courses and 
recommended 
reading. See 
NavPers 10052 
(current edition). 

AUTHORIZATION 

Commanding 

Officer 

U.S. Naval Examining Center 

Bureau of Naval Personnel 

TARS are advanced to fili vacancies and must be ap- 
proved by CNARESTRA. 



* AII advancements require commanding officer’s recommendation. 

12 years obligated Service required. 

1 3 years obligated Service required. 
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INACTIVE DUTY ADVANCEMENT REQUIREMENTS 


REQUIREMENTS * 

EI toE2 

E2toE3 

E3toE4 

E4toE5 

E5toE6 

E6 to E7 

E8 

E9 


FOR THESE 
DRILLS PER 
YEAR 









TOTAL 

48 

6 mos. 

6 mos. 

15 mos. 

18 mos. 

24 mos. 

36 mos. 

48 mos. 

24 mos. 

TIME 

24 

9 mos. 

9 mos. 

15 mos. 

18 mos. 

24 mos. 

36 mos. 

48 mos. 

24 mos. 

IN 

NON- 









GRADE 

DRILLING 

12 mos. 

24 mos. 

24 mos. 

36 mos. 

48 mos. 

48 mos. 



DRILLS 

48 

18 

18 

45 

54 

72 

108 

144 

72 

ATTENDED 

IN 

24 

16 

16 

27 

32 

42 

64 

85 

32 

GRADE f 










TOTAL 

48 

14 days 

14 days 

14 days 

14 days 

28 days 

42 days 

56 days 

28 days 

TRAINING 

24 

14 days 

14 days 

14 days 

14 days 

28 days 

42 days 

56 days 

28 days 

DUTY IN 

NON- 









GRADE t 

DRILLING 

None 

None 

14 days 

14 days 

28 days 

28 days 



PFRFOPMANfF 

£ .7 


Specified ratings must complete applicable 

TESTS 




performance tests before taking exami- 
nation. 

PRACTICAL FACTORS 
(INCLUDING MILITARY 
REQUIREMENTS) 

Record of Practical Factors, NavPers 760, must be completed 
for ali advancements. 

NAVY TRAINING 









COURSE (INCLUDING 

Completion of applicable course or courses must be entered 

MILITARY REQUIRE- 

in Service record. 






MENTS) 


















Standard EXAM, 

EXAMINATION 


Standard exams are used where available, 

Selection 


otherwise locally prepared exams are used. 

Board, and 
Physical. 

AUTHORIZATION 

District commandant or CNARESTRA 

Bureau of Naval 

Personnel 


* Recommendation by commanding officer required for ali advancements. 
t Active duty periods may be substituted for drills and training duty. 
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THE UNITED STATES NAVY 

GUARDIAN OF OUR COUNTRY 

The United States Navy is responsible for maintaining control of the sea 
and is a ready force on watch at home and overseas, capable of strong 
action to preserve the peace or of instant offensive action to win in war. 

It is upon the maintenance of this control that our country*s glorious 
future depends; the United States Navy exists to make it so. 

WE SERVE WITH HONOR 

Tradition, valor, and victory are the Navy's heritage from the past. To 
these may be added dedication, discipline, and vigilance as the watchwords 
of the present and the future. 

At home or on distant stations we serve with pride, confident in the respect 
of our country, our shipmates, and our families. 

Our responsibilities sober us; our adversities strengthen us. 

Service to God and Country is our special privilege. We serve with honor. 

THE FUTURE OF THE NAVY 

The Navy will always employ new weapons, new techniques, and 
greater power to protect and defend the United States on the sea, under 
the sea, and in the air. 

Now and in the future, control of the sea gives the United States her 
greatest advantage for the maintenance of peace and for victory in war. 

Mobility, surprise, dispersal, and offensive power are the keynotes of 
the new Navy. The roots of the Navy lie in a strong belief in the 
future, in continued dedication to our tasks, and in reflection on our 
heritage from the past. 

Never have our opportunities and our responsibilities been greater. 
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READING LIST 


NAVY TRAINING COURSES 
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Education Officer.* A partial list of those courses applicable to your 
rate follows: 

C 290 Physics I 

C 291 Physics II 

B 781 Fundamentals of Electricity 


♦“Members of the United States Armed Forces Reserve com- 
ponents, when on active duty, are eligible to enroll for USAFI 
courses, Services, and materials if the orders callingthem to active 
duty specify a period of 120 days or more, or if they ha ve been on 
active duty for a period of 120 days or more, regardless of the time 
specified in the active duty orders/* 
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CHAPTER 1 

INTRODUCTION 


What do you want from your career in the 
Navy? A job? A chance to see the world? A 
way to build 15 ) retirement? Is that all you really 
want? 

We doubt it very much. The fact that you're 
striking for Torpedoman’s Mate shows us you 
want a lot more than that. 

You want not just a job, but a job that 
offers you a challenge—one that will keep you 
on your toes. You want a job that will make 
use of what you know, and give you a chance 
to learn more. You want a job that will pay 
off—not just in money—but in personal satis- 
faction, and the feeling that what you are doing 
is worth while. As a Torpedoman's Mate, that 
is the kind of job you will have. 

The satisfaction that comes from working 
with your hands is deep and real. We aren’t 
talking about just any kind of manual labor; 
you wouldn't want to make a career of swabbing 
the deck, or chipping paint. You’11 use your 
hands, all right, but you ’11 put brainwork behind 
them. If you're going to make the grade as a 
Torpedoman's Mate you’11 constantly increase 
the skill with which you use your mind and 
trained hands. And you’11 constantly be learning 
about torpedoes, depth charges, and launching 
equipment to sharpen your brain work. As 
you increase your skill and knowledge, the Navy 
will give you additional responsibility. You’11 
become a teacher and a leader. You’11 be not 
only an expert Torpedoman’s Mate, but amaker 
of Torpedoman’s Mates. 

A torpedo is a self-propelled underwater 
weapon that carries a high-explosive chargeto 
its target. We will discuss the torpedo fully 
in later chapters, but forintroductorypurposes, 
we think it wise to discuss it briefly in this 
chapter. We will discuss each of the main 
sections and teli you about the main parts in each 
section and what they do. We’U give you a brief 
history of the development of the torpedo and 
list the torpedoes in use today. But, first, 
we’ll give you a brief discussion of underwater 
ordnance, the Torpedoman’s Mate—his duties 


and assignments, and the organization of the 
ship. This chapter, as you can see, will make 
later chapters easier to understand. In a sense, 
this chapter is a preview of what comes later. 

UNDERWATER ORDNANCE 

Ordnance is the Science of arms and armor. 
It deals with all the weapons we use to destroy 
or disable an enemy. Underwater ordnance is 
the Science of destroying or disabling an enemy 
vessel by means of an UNDERWATER explosion. 
It deals with all the materials andtechniqueswe 
use to deliver an explosive to the enemy, and to 
bring about its explosion under, over, or against 
his ship. As a Torpedoman’s Mate, you’11 be a 
skilled specialist in underwater ordnance. 

Weapons of underwater warfare include the 
torpedo, the depth charge, the depth bomb, the 
mine, hedgehogs, rockets and some others. Of 
these the torpedo is the biggest, the most 
expensi ve, and to you, the most important. As 
you know, thetorpedo is a self-propelled weapon. 
Basically, it consists of just three things; a 
charge of explosive, a power piant, and the 
control mechanisms. After you launch a torpedo, 
the built-in power piant carries it to the enemy. 
It explodes when it hits or passes near an 
enemy ship. 

The torpedo is the principal weapon of the 
submarine for use against surface craft. And 
it’s becomingincreasingly important as a weapon 
with which one submarine can attack another. 
Many of our smaller surface ships carry 
torpedoes for use against both surface targets 
and submarines. The torpedo, like the slx- 
shooter, is an “equalizer.” It gives a small 
ship the punch it needs to attack a big one. 

The depth charge is used only by surface 
vessels, and its target is always a submarine. 
One of the slang terms for the depth charge 
is "ashcan” and that’s a pretty good description 
of the older ones. It’s filled with TNT or 
HBX, and equipped with a device to make the 
TNT or HBX explode. When the surface ship, 
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by sonar or other means, makes contact with a 
submerged enemy submarine, it dropsanumber 
of depth charges in the suspected area in a 
predetermined pattern. The exploding mech- 
anism can be set, before dropping, to make the 
charge explode at the desired depth in the water. 
With acoustic depth charges, the firing mech- 
anism will not fire unless the depth charge 
passes near enough to the submarine to do 
lethal or surfacing damage. 

Aircraft carry depth bombs for antisub- 
marine warfare. These bombs are very similar 
in principle to depth charges. But maintenance 
of depth bombs will not be a part of your job. 

The submarine mine, like the depth charge, 
is a Container filled with high explosive, and 
equipped with a device to set off the explosion. 
But whereas we throw depth charges at the 
enemy, or drop them on him, we "piant” the 
mines, usually when there’s no enemy in sight. 
The mine stays where we piant it, quietly 
waiting for an enemy ship to come by. (An 
exception is the drifting mine; we sometimes 
piant them in rivers and tideways, and let the 
current take them to the enemy ship.) 

The device that makes the mine explode 
can be either of two kinds. It can be a 
"contact” device which will explode whenaship 
touches it or its antenna. Or it may be of the 
"influence” type which will explode when a 
ship passes nearby. 

So the three principal weapons of underwater 
ordnance are the torpedo, the depth charge, and 
the mine. Since underwater ordanceisyour job, 
what does this me an to you? What will you be 
expected to do about these three weapons? 

You’11 maintain torpedoes—keep them in 
perfect working condition. You’ll overhaul 
them when it’s necessary, and in time of war 
you’11 fire or launch them. You’11 maintain 
depth charges, overhaul them, prepare them 
for firing, and launch them. The Navy has 
created a separate rate—Mineman—to piant its 
mines. You won’t have much to do with mines. 
But in an emergency,. when there aren’t enough 
Minemen aboard, you’11 help piant them. 

TORPEDOMAN'S MATES 

What kind of men make good Torpedoman’s 
Mates? What kind of mental andphysical equip- 
ment do you need to make the grade? Before 
the Navy approved you as a striker for TM 3, 


it gave you a screening test. Because you 
passed that test, we know something about you. 
We know that you have a good general intelli- 
gence. You have the ability to learn, and to 
master a large body of technical knowledge. 
And you have mechanica! aptitude. If you 
haven’t already developed a high degree of 
mechanical skill, you have what it takes to 
acquire it. 

As a Torpedoman’s Mate you can make full 
use of all your abilities. The torpedo is a 
complicated delicate piece of machinery. And 
to teli you all you need to know about it, the 
Bureau of Naval Weapons has published a series 
of books, Ordnance Pamphlets (OP’s), and 
NavOrd instructions. 

Of course you won’t be expected to memorize 
all the technical data. But you will be expected 
to understand all the information covering 
torpedo mechanisms. You’11 have to know how 
these mechanisms operate, and where tofind the 
exact data on them when you need it. And you’11 
be expected to acquire the mechanical skill 
needed to adjust all these mechanisms for top 
performance in the torpedo. 

In order to become a valuable Torpedoman’s 
Mate, you’11 need more than just a sharp brain 
and skilled hands. You must be conscientious 
and completely reliable. In preparing a torpedo 
for firing, you will make many delicate adjust- 
ments. 

Let’s suppose, for a minute, that you’re 
aboard a submarine in wartime. You’veprepared 
a torpedo for firing. Let’s suppose that, because 
of carelessness, you’ve skipped one of the 
necessary adjustments, or done it carelessly. 
What happens when you fire that torpedo at an 
enemy ship? Instead of making straight for 
the target, that torpedo may head straight for 
the bottom of the ocean. Or, if it maintains 
its proper depth, it may miss the target entirely. 
It may even score a hit, but strike the enemy 
hull with a dull thud instead of a crippling 
explosion. There is no room in the Navy for a 
careless torpedoman. The word "neglect” 
is found in the dictionary between "defeat” 
and "victory.” The adjustments you make on 
your torpedo well might make the difference 
between your life and that of the enemy. 

But this will not happen to you. When you 
prepare a torpedo for firing, you’11 make ALL 
the adjustments, and you’11 make them carefully 
and skillfully. Before the Navy gives you the 
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responsibility of preparing a torpedo for a 
war shot, you’llhavetoproveyour dependability. 

You’11 need one thing more: the ability to 
keep a cool head when things get hot. When a 
ship is in danger, her chance of surviving 
depends to a large extent on the self-control 
of her crew. 

In its Qualifications for Advancement in 
Rating (NavPers 18068), the Navy has listed the 
fields of technical information you’11 have to 
master, and the skills you’11 have to learn. 
The list of qualifications for advancement in 
rating as reflected by change 17 is printed at 
the end of this book, as appendix m. The 
table of contents will show you what page it is 
on. The quals are changed periodically, so 
check for the latest change when referring to 
them. 

As a Torpedoman’s Mate 3 or 2, you’11 be a 
petty officer in the United States Navy. And in 
order tb become a petty officer, you must meet 
a number of military qualifications notconnected 
with your technical work. 


DUTIES 

Like all petty officers, you’11 have certain 
military duties. You’11 be a leader and a 
teacher. Because the Torpedoman’s Mate is in 
frequent contact with other naval personnel, he 
must have a technique for dealing with other 
peqple in a friendly and business-like manne r. 
Furthermore, since he must work with, and 
eventually super vise other Torpedoman’s Mates, 
he must develop early supervisory and leader- 
ship proficiency. Leadership is the ability to get 
peqple to do well those things required by 
their billets. It is what you say and do that 
makes the people you supervise have confidence 
in you and carry out your instructions to the 
best of their ability. Remember, people are 
made leaders; they are not necessarily born 
natur al leaders. You will learn about your 
military duties from other sources. This 
course is a guide to your technical duties. 

There is a special checkoff sheet, Record 
of Practical Factors, NavPers 760, which lists 
all the practical factors for advancement in 
your rate. As you qualify in a practical factor, 
your division officer enters the date on NavPers 
760 and initials the entry. There must be an 
entry in your Service record to prove you 


have qualified in the practical factor before 
you can take the service-wide examination. 

As we’ve already told you, you'll prepare 
torpedoes for firing by making many delicate 
adjustments. You’11 inspect and adjust these 
torpedoes regularly and frequently, to keep 
them in perfect condition for firing. You’11 
load these torpedoes into their tubes or onto 
their launching racks, and in time of war 
you’11 fire them at the emeny. 

Each torpedo is fired at least once before 
it is sent to the Fleet. This is to test its 
engines and the control mechanisms that keep 
the torpedo on its course or search pattern. 
In addition, Torpedoman’s Mates fire torpe¬ 
does for practice and training. But before firing 
a torpedo for testing or training, you’11 remove 
the warhead and replace it with a dummy, called 
an EXERCISE HEAD. You’11 load the exercise 
shot in its tube or on its launching rack, and 
fire it. Then you’11 go out and recover the 
torpedo. You'U inspect it thoroughly, and give 
it a "post-run treatment” to prevent deterio- 
ration before it can be overhauled. 

The latest BuWeps Instructions and the OP 
covering each torpedo will teli you how often 
and to what extent to overhaul. Each assembly 
must be thoroughly tested and adjusted. Most 
war ship s are not equipped for that kind of 
work. But if you are assigned to a submarine 
tender, destroyer tender, or a torpedo station 
ashore, torpedo overhaul will be one of your 
jobs. 

Finally, you’11 be responsible for mainte- 
nance of the torpedo tubes and launching racks. 
These are relatively simple pieces ofordnance, 
but they are important. A faulty tube or 
launching rack could easily cause a torpedo to 
function improperly. You’11 inspect your 
launching equipment regularly, and make the 
necessary adjustments and repairs. 

In connection with depth charges your duties 
are simpler, because a depth charge is a 
simpler weapon than a torpedo. It has no 
engine, no fuel supply, and no steering mech¬ 
anisms. You’11 inspect your ship’s depth 
charges regularly, and test and keep them in 
top shape at all times for launching. You’11 
load them in the launching devices, and when 
the time comes you’11 drop or throw them on 
the enemy. And of course you’11 inspect the 
launching devices regularly, and make any 
necessary repairs. 
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ASSIGNMENTS 

In the last few paragraphs, we have sum- 
marized the full range oi duties of the Torpedo- 
man’s Mate. But that doesn’t mean that one 
man will be doing all these jobs in one assign- 
ment. If you’re stationed aboard a ship such as 
a destroyer, destroyer escort, or submarine, 
you’11 maintain and fire torpedoes. Aboard 
surface craft you’11 also maintain and launch 
depth charges. You will maintain the tubes and 
launching devices, and you’11 learn to use the 
torpedo director if you are aboard a destroyer 
or destroyer escort. 

If you’re assigned to a tender, or to a 
repair facility ashore, your duties will be 
mostly torpedo overhaul. And the chances are, 
in time, you’11 become a specialist. You’11 be 
familiar with the whole torpedo. And you will 
become a cog in a smooth running machine 
only after you have learned how to perform 
the overhaul and adjustments of the torpedo on 
which you are working. A good "hotshot gang” 
is made up of torpedomen who have the ability 
to perform the other man’s specialty. 

Duties on a submarine are considerably 
different from those on a surface ship. On 
a submarine the torpedos are fired from sub- 
merged tubes. These tubes are more compli- 
cated than the above-water tubes of a surface 
ship, ' and their operating procedure differs. 
You’11 often be firing different types of torpedoes, 
which introduce new maintenance problems. 
Fire control problems are similar to those on 
a surface ship, with this difference: on some 
surface ships the torpedo can be aimed at its 
target by training the tubes and on others the 
tubes and racks are fixed. The fixed tubes and 
racks are used mostly for advanced underseas 
weapons. The underwater tubes on the sub¬ 
marine are fixed in its hull. 

NATURE OF THIS TRAINING COURSE 

This course is a guide to your technical 
duties. Its purpose is to give you the basic 
foundation on which you can build necessary 
skill and knowledge. It will explain to you the 
basic theories and principies of the operation 
of torpedoes and depth charges and associated 
equipment. It contains much of the information 
you must possess. Certain features of this 
course will help to make your studies easier 


and more effective. The preface, for instance, 
gives the scope of this training course and 
explains why it was written. And the reading 
lists are important because they are the basis 
of your professional reference library. This 
course is not intended to replace the technical 
publications put out by the Bureau of Naval 
Weapons. Instead, it’s intended to serve as an 
introduction to those technical publications, and 
to give you the background you’11 need tounder- 
stand them. 

Many Torpedoman’s Mates and strikers are 
going to study this course. Some of these men 
may know more than you do; others will know 
less. You may have been handling underwater 
ordnance for years. On the other hand, this 
course may be your very first introduction to 
naval ordnance. 

This course is written in such a way that 
all its readers will understand it. To do that, 
it starts with the simplest, most basic infor¬ 
mation about torpedoes. So, parts of this course 
may seem like old stuff to you, and maybe 
the first few chapters will seem too easy. 
But be careful. Don’t be fooled. 

If you’ve already handled torpedoes, you 
know something about what they do, and some- 
thing about what the Torpedoman’s Mate does 
to keep them in shape. But now it’s time to 
learn the HOW of torpedo operation, and the 
WHY of maintenance. 

What’s the good of that? Well, underwater 
ordnance is a complicated subject. What do you 
do when you hit a snag—when you come to a 
problem you can’t solve by yourself? You go 
to a more experienced Torpedoman’s Mate, 
and ask his help. But don’t forget that as you 
add stripes on your arms, inexperienced men 
wiU be coming to you for help. You’11 have to 
prepare for the time when YOU are the man 
with the answers. 

So if the first part of this book covers 
familiar material, read it carefully anyway. 
It will make a good review. And if the first 
few chapters seem too easy, stay with them. 
The course will get tougher as you go on. 

HOW TO STUDY THIS COURSE 

You already know how to study. But we 
have a few suggestions on how you can get the 
most out of this course. This first suggestion 
is very important: SET ASIDE REGULAR 
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HOURS FOR STUDY. We aren’t going to teli 
you how many hours to set aside each week. 
Some men read faster, and absorb information 
more quickly than others. The important thing 
is to make a schedule you can stick to. Decide 
which nights you’11 study, and how many hours, 
and when you’11 begin. Then stick to it. If 
your schedule doesn’t work, make a new one. 
But stay on schedule. You’11 find yourself 
progressing a lot faster than if you study 
whenever the notion strikes you. 

Our second suggestion is this: Before you 
begin your detailed study, spend and hour or 
two looking through the course as a whole. 
Get familiar with the chapter tities, and take 
a look at the section tities within each chapter. 
Look at the pictures. If a paragraph of the 
text catches your eye, skim through it. (This 
course isn’t a mystery story; there’s no harm 
in knowing how it’s going to end.) 

As you know from its title, this course is 
intended for two different rates. If you’re a 
striker, this course will help to prepare you 
for your third class examination. If you’ve 
already made Torpedoman’s Mate 3, this course 
will help you advance to second class. How do 
you know which parts of the course apply to you? 
You’11 find the answer in appendix m, in the 
Qualifications for Advancement in Rating. 
After you’ve studied the qualifications, and 
spent time getting familiar with the contents 
of the course, you’11 know which parts of the 
book to study. 

If you’re a striker, and pressed for time, 
you can profitably skip the sections that won’t 
be covered in your examination. But if you’re 
preparing for second class, don’t skip anything. 
Your examination will cover ali the subjects 
in the third class examination, but in more 
detail. So give special attention to the new 
material; but read all the rest, too, for a 
review. 

Now you're ready to begin. You've made 
a schedule of working hours for study, and 
you’re going to stick to it. You’ve looked 
through the whole book, and have a pretty 
good idea of what’s in it. You’ve studied the 
qualifications, so you know which parts of the 
book apply especially to you. What next? 

You are now ready to take the chapters 
one at a time. Your first step is to read the 
entire chapter fast. If you find the material 
interesting, read it just as you would read a 


magazine arti cie. Don’t let anything stop you. 
If you come to a paragraph that’s so tough it 
doesn’t make sense to you, skip it. Keep 
reading until you finish the chapter. 

At the end of each chapter is a QUIZ, to 
Show you how much you’ve learned. After your 
first quick reading of the chapter, try the 
quiz. Don’t bother to write down your answers 
(unless the questions are problems that you 
have to work out on paper.) And don’t look at 
the answers in the back of the book. Read 
through the questions and see how many ofthem 
you can answer. Chances are that you can’t 
answer all of them after one reading. The 
questions that give you trouble will show which 
parts of the chapter you’11 have to study hardest. 

Now go through the chapter again, not too 
fast. Don’t skip anything this time. Be sure 
you understand each section thoroughly before 
you go on to a new one. If you come to an 
explanation that isn’t ciear, chances are you 
missed something that went before. Look back 
to see what it was. 

After your second reading you shouldhave 
the chapter mastered. Take the quiz to make 
sure. This time, write down all your answers. 
Don’t look at the answers in the back of the book 
until you're ready to check your own. If any of 
your answers don’t check, take a final look 
through the chapter to see what went wrong. 

REFERENCES 

After describing each section of the torpedo 
we’U give you a list of references. This list 
will show you where you can find additional 
information on the subject. These references 
will be of several kinds, as— 

Ordnance Pamphlets (OP,s) 

Ordnance Technical Instructions (NavOrd 
OTI's) 

Ordnance Data, (OD's) 

Ordnance Circular Letters (OCL’s) 
Ordnance Handling Instructions (OHI’s) 
Ordnance Alterations (OrdAlfs) 

Ordnance Specifications (OS’s) 

Ordnance Standards (OSTD’s) 

Ordnance Material Letters (OML’s) 
Ordnance Charts (NavOrd Charts) 

Bure au of Ordnance* Manual 
Bure au of Ordnance* Drawings 
Bureau of Ordnance* Sketches 
*BuORD is now BuWEPS 
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You will find detailed and specific Infor¬ 
mation in these publications that we can't give 
you here. A useful publication for you to know 
about is OP O (Ordnance Pamphlet Zero). It’s 
an index to all the OP’s, OD’s, OCL's, OML’s, 
OTFs, OHPs, and NavOrd Charts. 

In the early stages of your training, you’11 
find the charts especially helpful in under- 
standing the operation of the various parts of the 
torpedo. (Some of the illustrations in this 
book were made from the torpedo charts, but 
we’ve had to reduce them to a small scale.) 
When you begin to apply what you’ve learned to 
an actual torpedo, you’11 need all the ordnance 
publications that deal with that particular tor¬ 
pedo. Never undertake the overhaul of any 
part of a torpedo without a study of the appro- 
priate Ordnance Drawings and the Ordnance 
Pamphlets that describe it. 

OTHER PUBLICATIONS 

DOCTRINAL PUBLICATIONS explain the 
established gunnery and torpedo doctrines for 
lypes of ships. They explain the tactical use of 
torpedoes, and teli how they are fired under 
various conditions. They also list Standard 
commands, and describe the actual firing pro- 
cedures. These publications are Confidential 
bulletins, or Confidential registered publica¬ 
tions. 

INFORMATION BULLETINS are distributed 
in many forms. You’11 find it helpful to study 
those dealing with torpedoes and gunnery. 

NAVY TRAINING COURSES.-In addition to 
the courses for various technical ratings (such 
as this one), the Bureau of Naval Personnel 
publishes several BASIC TRAINING COURSES. 
These basic courses are used by men of many 
ratings. Examples are the courses in mathe¬ 
matica, electricity, and electronics. 

NavPers 10052 is a bibliography of the Navy 
Training Courses and other publications 
prescribed for use by all personnel concerned 
with advancement in rating training and exam- 
inations. Always check the latest revision of it 
for the most recent requirements for advance¬ 
ment in your duty. 

NAVY TRAINING FILMS,—The Navy has a 
number of training films dealing with torpedoes, 
and with the basic knowledge you'11 need when 
you work with torpedoes. Some of these are 
strip films (stili pictures). The rest are 


movies; most of them are complete with sound, 
and some of them are in color. We can’t 
guarantee that these films will be available to 
you. But see them if you can. 

How to Get Navy Publications 

How do you get the references toe list at 
the end of the chapters? That depends onwhere 
you are. If you are a student at a school for 
Torpedoman’s Mates, you are provided with 
reference material when you need it. If not, 
you will have to show some initiative. ‘ 

You can get Navy Training Courses from your 
department head or education officer. You can 
get the training films, when they're available, 
from the education officer. This applies only to 
non-classified materials. You'11 be told when 
you need Confidential or Secret material. Mate¬ 
rial of these classifications is held by the 
Registered Publications Officer, who will issue 
it to you or your leading petty officer on a sub- 
custody card. 

APPLYING WHAT YOU LEARN 

Because sooner or later you’ll be teaching 
what you know to other men, we'll let you in on 
one of the basic principies of education: WE 
LEARN BY DOING. You can use it in your own 
learning, as well as in your teaching. 

When an experienced Torpedoman's Mate is 
talking about torpedoes, you can learn a lot 
by listening. You can learn more by reading, 
and by studying the illustrations in this course 
and in the OP's. But to make that knowledge 
stick with you, you'11 have to DO something 
about torpedoes. See figure 1-1. 
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Figure 1-1. —We learn by doing. 
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At every opportunity, apply your book 
learning in actual work on a torpedo. Whenever 
you have the chance, watch a more experienced 
man at work. Then do the job yourself, while 
he watches you andmakescorrections. Practice 
to build up your skill. Practice until doing the 
job right becomes a habit. 

When an experienced Torpedoman’s Mate 
is explaining something to you, ask him ques- 
tions—lots of them. Don’t be afraid he’11 think 
you are ignorant. And don’t just find out what 
to do, and how to do it. Find out WHY you do 
it. Asking questions doesn’t show ignorance. 
It shows a desire to learn. 

SHIP ORGANIZATiON 

Your qualifications for advancement require 
that you be familiar with the organization of 
your own ship and your own department. You 
will most likely be assigned either to a fighting 
ship, a repair ship, or a tender. On fighting 
ships, Torpedoman’s Mates are members of the 
Gunnery Department. Figure 1-2 shows how 
the Gunnery Department fits into the Standard 
ship organization. 

The commanding officer, of course, is re¬ 
sponsible for the entire ship, and ali its func- 
tions. Second in command is the executive 
officer, who is the commanding officer’s direct 
representative. He is responsible for efficient 
operation of the ship. 

The entire Gunnery Department is under the. 
supervision of the Gunnery Officer. The 
Gunnery Officer is in charge of ali the ordnance 
equipment aboard and all the equipment asso- 
ciated with deck seamanship. He, with his 
assistants, supervises aU personnel of the 
Gunnery Department. He is responsible for 
training his personnel and for coordinating their 
work. 

The Torpedo Officer is one of the Gunnery 
Officer’s assistants. You will be under the 
immediate supervision of the Torpedo Officer. 

If you’re assigned to a repair ship or a 
tender you ’11 be a member of the repair depart¬ 
ment, under the supervision of the repair 
officer. The repair department is divided into 
several repair divisions, each responsible for 
the repair of one particular kind of equipment. 
One of these divisions is responsible for torpedo 
overhaul. It’s headed by the torpedo repair 
officer. Figure 1-3 shows the organization of 


the repair department aboard a repair ship or 
tender. Figure 1-4 shows the organization of 
a typical torpedo overhaul shop. 

If the organization of your own group differs 
a little from the Standard ship organization 
shown in the charts, don't let it worry you. 
Type commanders have the authority to change 
the Standard organization to suit the mission 
of their commands. But all ships of the same 
type and class wiU have the same kind of 
organization. 

The Standard ship organization we've 
described is chiefly for administrationpurposes. 
Under battle conditions the battle bili governs 
the organization of a ship. Your job is to 
study carefully that part of the bili that applied 
to your subdivision. The type of ship wiU deter- 
mine what your battle station will be. On a 
destroyer you’11 probably be assigned to the 
torpedo battery, or to the depth charge battery. 

THE TORPEDO 

A torpedo is a self-propelled underwater 
weapon that carries a high-explosive charge. 
The mine, the depth charge, and the depth bomb 
are all underwater weapons. But those three, 
after they enter the water, merely sink under 
their own weight. The torpedo is the only 
underwater weapon equipped with a power piant 
that takes it to the enemy ship. (Some weapons 
combine some of the characteristics of a mine 
with those of a torpedo. But we won’t discuss 
them in this course.) 

Because the torpedo warhead explodes under 
water, it can do more damage than a pro- 
jectile with the same weight of explosive. 
When a projectile explodes, a part of its force 
is absorbed by the surrounding air. But water 
is practically incompressible. When the torpedo 
warhead explodes, the water transfers the force 
of the explosive shock wave to the hull of the 
target ship. 

The torpedo, as you can see, makes it 
possible for small ships to carry heavy arma- 
ment. (But don’t get the idea that they make a 
destroyer the equal of a cruiser.) The big guns 
are effective at much longer ranges than 
torpedoes. 

DEVE LOPMENT OF THE TORPEDO 

During the American Revolution, Dr. David 
Bushnell got the idea that an explosion in the 
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engine operating on compressed air at 700 psi. 
Whitehead's first torpedo ran at 6 knots, for 
about 100 yards. On some of its tests it ran 
along the surface; on others it dived to the 
bottom. 

Whitehead invented many of the devices 
you'11 find in modern torpedoes. For example, 
the air system of the Whitehead torpedo was 
controlled by a stop valve, a charging valve, 
a starting valve, and a reducing valve. To keep 
his torpedo running at the proper depth, White¬ 
head invented a‘depth mechanism containing 
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Figure 1-3. — Organization of repair 
department. 

water, beside the targefs hull, would do more 
damage than the same explosion abave the water 
line. To test his idea, he made up a number of 
powder kegs, and launched them in the Delaware 
river to float down on the British Fleet. But 
because he guessed wrong about the tide, his 
powder kegs did no damage. However, his 
floating powder keg is the ancestor of the 
modern torpedo. AU the improvements that 
make our present torpedoes more effective than 
floating powder kegs were added gradually. 
Between Bushnell’s day and yours, many types 
of torpedoes were invented. We won’t give you 
a list of names and dates to remember. But 
we will give you some of the principal develop- 
ments. 

Credit for the first self-propelled torpedo 
goes to a Captain Lupius, of the Austrian Navy. 
Lupius worked out his idea during the American 
Civil War. But Lupius didn’t have the mechan- 
ical know-how to actually build the torpedo. 

In 1864 he took his pians to Robert White¬ 
head, a British engineer. After two years of 
work, Whitehead produced a short torpedo, 14 
inches in diameter, with 18 pounds of dynamite 
in its warhead. It was powered by a piston 
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a hydrostatic diaphragm and pendulum. (As 
you’11 see later, air-steam torpedoes have ali 
these parts.) To keep his torpedo on course 
Whitehead invented a servo motor to operate 
the steering rudders. This servo motor was 
much like the steering engine you'11 read about 
in chapter 8 of this course. Whiteheaddeveloped 
the idea of replacing the warhead with an 
exercise head for practice shots. And, to 
help him locate the torpedo at the end of the 
exercise run, he invented a torch pot much like 
the one we’U describe in chapter 5. 

While Whitehead was improving his torpedo, 
other inventors were busy, too. Most of these 
experimental torpedoes were abandoned shortly 
after they were tested. Air- steam torpedoes are 
based on Whitehead’s ideas. But we’ve made 
three big improvements on Whitehead’s basic 
invention, by— 

(1) substituting turbines for the piston 
engine, 

(2) adding fuel to superheat the compressed 
air, and 

(3) adding a gyroscope to control the steering 
engine. 

CONSTRUCTION OF THE AIR-STEAM 
TORPEDO 

A torpedo is built in five sections—the 
head, air flask section, midship section, after- 
body, and tail. Since the midship section is 
permanently joined to the air flask section, it's 
sometimes not counted as a separate section. 
Each torpedo when it’s issued 'to the Fleet, 
consists of three main units: (1) the head, (2) 
the air flask and midship sections (permanently 
joined), and (3) the afterbody and tail (assembled 
together with joint screws). 

Head Section 

The head section may be either a warhead, 
an exercise head, or a war-exercise head. 

The warhead is almost entirely filled with 
high explosive. Some types have lead weights 
mounted on the inside of the shell. These 
weights serve as ballast, to help keep the 
torpedo right side up. An exploder is mounted 
in a cavity in the warhead. 

The exploder does two things: 

1. It explodes the main charge of high 
explosive when the torpedo reaches its target. 


2. It prevents accidental damage to the 
firing ship by remaining inoperable—so that 
the main charge can’t explode—until after the 
torpedo has completed the first part of its run. 

The exploder may be one of two types— 
‘‘ contact’’ or “ influence. ’ ’ The contact exploder 
explodes the main charge only when the torpedo 
strikes a solid object. The influence exploder 
contains an electronic mechanism that operates 
when the torpedo passes UNDER a large mass 
of iron or Steel. The torpedo doesn’t have to 
actually strike the target ship. We can aim the 
torpedo so that it will explode UNDER the 
target keel, where it will do more damage. 

While the torpedo is aboard the firing ship, 
and during the first part of its run, the exploder 
can’t operate. Even if its detonator should 
explode accidentally, it wouldn’t fire the main 
charge. But as the torpedo runs through the 
water and reaches its enabling range or depth, 
the exploder mechanism realigns itself, making 
detonation of the main charge possible. It will 
then fire as soon as the torpedo strikes or 
passes near a solid object. 

For a test shot, or for firing practice, 
you use an exercise head instead of a warhead. 
The exercise head, of course, contains no 
explosive charge and no exploder mechanism. 
At the bottom of the exercise head, soldered to 
the inside of the shell, are one or more lead 
ballast weights. For an exercise shot, you 
fili the head section with water or a Chemical 
solution, so that it weighs approximately the 
same as a warhead. At the end of the exercise 
run, an air-releasing mechanism in the exercise 
head opens (blows). Compressed air enters the 
head and forces the water out through the water 
discharge valve in the bottom of the shell. 
When the head is empty, it gives the torpedo 
enough positive bvoyancy so that it can float 
until you recover it. 

In the top of the exercise head is a headlight, 
a depth and roll recorder, or a torch pot. 
These devices help you find the torpedo after 
an exercise shot, and record depth and roll 
of the torpedo throughout the entire run. 

The war-exercise head is much like the 
exercise head, except that it has an exploder 
cavity. You use it when you want to test the 
action of the torpedo exploder. (It is used 
only on test r anges.) 
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Figure 1-5.—The five sections of a torpedo. 
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4. IGNITER. When you fire the torpedo, 
air pressure fires the igniter. The igniter 
starts the burning oi the fuel and air mixture. 
(The igniter fires at approximately 250 psi.) 

The two TURBINES are mounted on the after 
side of the turbine bulkhead. The hot combustion 
gases flowing from the combustion flask strike 
the turbine blades and spin the turbine. The 
MAIN ENGINE consists of a gear System that 
transfers the turning force of the turbines 
to the two propeller shafts. One of these shafts 
is hollow, and the other turns inside it. The 
two shafts tum in opposite directions. This 
helps eliminate torque caused by one propeller 
turning in one direction. The LUBRICATION 
system supplies oil to the moving parts of the 
main engine. 

The two CONTROL MECHANISMS—the 
steering mechanism and the depth mechanism— 
keep the torpedo on course and at the proper 
depth during its run. 

Because it responds to water pressure and 
pendulum action working together, the depth 
mechanism will operate when the torpedo gets 
too high in the water, or too deep. It sends 
correcting orders to the depth engine. The 
depth engine moves the two depth rudders on the 
tail, to bring the torpedo back to the proper 
depth. 

The heart of the steering mechanism is the 
gyro. It’s a small wheel that spins at high 
-speed. Reduced pressure air keeps it spinning 
throughout the torpedo run. While it’s spinning, 
the gyro keeps its axis pointed always in the 
same direction. If the torpedo turns off its 
set course, the gyro axis will stili point in 
its original direction. That means that when 
the torpedo turns off course, the gyro will be 
in a different position relative to the rest 
of the torpedo. The steering mechanism detects 
this difference, and sends correcting orders 
to the steering engine. And the steering engine 
turns the steering rudders, to bring the torpedo 
back on course. 

The EXHAUST SYSTEM carries the spent 
gases from the turbines, through exhaustvalves 
in the after bulkhead, out through holes in the 
forward and after propeller sleeves to the se a. 

Tail 

Mounted on the outside of the tail cone are 
four fins, or vanes, that help to control the 


path of the torpedo during its run. At the 
after edge of the vertical fins are the two 
steering rudders; on the after edge of the 
horizonta! fins are the two depth rudders. 

The two PROPE LLERS are at the end of the 
tail cone. The propellers are mounted on hollow 
sleeves. One of these sleeves turns inside the 
other. Each of the two propeller sleeves is 
keyed to one of the two propeller shafts. The 
exhaust gases that enter the tail cone pass 
through holes in the propeller sleeves. The 
exhaust moves aft through the inner sleeve, and 
leaves the torpedo aft of the propellers. 


TORPEDO OPERATION 

Here is a short outline of what happens 
to an air-steam torpedo when you fire it. 

1. On theupperpart of the torpedo’s after- 
body is a STARTING LEVER. The launching 
mechanism operates the starting lever at the 
instant you launch the torpedo. When you fire 
the torpedo from a tube, the tripping latch 
strikes the torpedo starting lever and throws 
it aft. This action starts the torpedo mech- 
anisms. When you drop a torpedo from an 
aircraft, a lanyard operates the starting mech¬ 
anism. 

2. The starting lever operates the starting 
gear, which in tura allows the starting valve 
to open. 

3. High-pressure air from the air flask 
flows through the starting valve to the gyro- 
spinning mechanism, which spins the gyro and 
brings it up to full speed (20,000 rpm). 

4. High-pressure air from the flask goes 
through the starting valve to the reducing 
valve. Reduced pressure from the reducing 
valve does a number of things at once. 

5. Reduced-pressure air flows directly 
into the combustion flask. 

6 . Reduced-pressure air enters the fuel 
and water compartments, and forces fuel and 
water into the combustion flask. 

7. Reduced-pressure air fires the igniter, 
which ignites the mixture of compressed air 
and fuel in the combustion flask. 

8 . Hot gases from the combustion flask spin 
the turbine. 

9. The turbine, through the main engine 
and the propeller shafts, spins the two 
propellers. 
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10. Low-pressure air flows to the gyro, to 
keep it spinning throughout the torpedo run. 

11. Reduced-pressure air flows to thedepth 
and steering engines, and provides the energy 
with which they operate the steering rudders 
and depth rudders. 

LAUNCHING TORPEDOES 

There are three principal ways to launch a 
torpedo—by firing it from a tube, launching it 
from a rack, or dropping it from an aircraft. 

Destroyers that have trainable mounts carry 
five torpedoes in a tube mount that consists 
of five barrels, side by side. The tube mount 
can be trained through a wide arc, so that 
torpedoes can be fired from either side of 
the ship. Torpedoes are fired from trainable 
tube mounts by IMPULSE CHARGES of black 
powder, and from fixed tubes by COMPRESSED 
AIR. 

Some of the newer DD’s, DL’s, and DDE’s 
are fitted with fixed tubes. These tubes can’t be 
trained; they’re fixed in the hull athwartships, 
or at an angle. Because of their structure 
and associated equipment, these tubes must be 
protected from the weather. 

Submarines fire torpedoes from fixed, sub- 
merged tubes, from both forward and aft. The 
torpedoes are fired from the tubes by com- 
pressed air. Spares are carried in ready racks 
near the tubes. 


AIR-STEAM TORPEDOES IN ACTIVE SERVICE 

Like all ordnance devices, torpedoes are 
designated by mark and mod. The marknumber 
indicates a certain type of ordnance equipment. 
The mod number indicates the small changes, or 
modifications of that type. To see how this 
system works, let’s use an imaginary weapon. 
Let’s say that BuWeps has invented a machine 
that projects death rays. The first such device 
to be developed would be designated Death Ray 
Projector Mk 1 Mod 0. (Mark is usually abbre- 
viated Mk.) From time to time, smallimprove- 
ments may be made in the basic design. For 
example, the firing lever might be moved to a 
new position, to make the weapon easier to 
operate. The improved design would be Death 
Ray Projector Mk 1 Mod 1—meaning the first 
modification of the first basic design. Later 


modifications would be designated Mod 2, Mod 
3, etc. in order of their appearance. 

Now let’s say that BuWeps changes the basic 
design. The new weapon might have a different 
projection system, to increase its range. The 
new weapon would be Death Ray Projector Mk 2 
Mod 0. The first modification of the new design 
would be Mk 2 Mod 1, and so on. 

Here is a short discussion of each type of 
torpedo that we’ll describe in this book. Because 
of security reasons we cannot discuss all 
torpedoes here. 

MK 14 MOD 3A 

The Mk 14 Mod 3A is designed to be fired 
from submarines. Its length is about 20 1/2 
feet. As you remember, the Mk 14 Mod 3A can 
be set for either of two speeds. At the high 
speed setting it has a range of 4,500 yards, at an 
average speed of 46 knots. At the low speed 
setting its range is 9,000 yards, and its average 
speed is 32 knots. It carries 600 pounds of high 
explosi ve. 


MK 15 MOD 3 

The Mk 15 Mod 3 torpedo is designed to be 
launched from the deck tubes of DD's and DE’s. 
It’s 24 feet long, and carries an explosive 
charge of about 800 pounds of high explosive. 
It has three speeds: 26 1/2 knots (range 15,000 
yards); 33 1/2 knots (range 10,000 yards); and 
45 knots (range 6,000 yards). 

MK 16 MODS 6 AND 7 

The Mk 16 is a NAVOL torpedo. Navol is a 
Chemical that can be made to release large 
quantities of oxygen. In the Mk 16 torpedo, 
Navol supports the combustion of the fuel. No 
compressed air enters the decomposition 
chamber or the combustion chamber. But the 
Mk 16 uses compressed air for initial gyro 
spin, for gyro constant spin, to fire the igniter, 
to operate depth and steering engines, and to 
blow the exercise head after an exercise shot. 
As in the air-steam torpedo, gases from the 
combustion flask spin the turbines. 

Because the Mk 16 torpedoes are classified, 
we can’t describe them further in this book. 
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ADVANCED UNDERSEAS WEAPONS 

An advanced underseas weapon (torpedo) can 
guide itself toward its target. In addition, it 
can search for a target, and when it finds one, 
Chase it until it makes a hit. Some types can 
switch back and forth between gyro control, 


search pattern, and homing control, as appro- 
priate. Several types of advanced underseas 
weapons are now in the Fleet, and others are in 
various stages of development. For security 
reasons, ve can give you only a short general 
discussion here. 


QUIZ 


1. In your own words, expia in the terms 
“naval ordnance” and "naval underwater 
ordnance.” 

2. What are the three most important weapons 
of underwater warfare? 

3. What are the three BASIC components of a 
torpedo? 

4. Where can you find step-by-step instrue - 
tions for torpedo overhaul? 

5. If you are assigned to a repair ship, sub- 
marine tender, or destroyer tender, what 
are your duties most likely to be? 

6. On a tender, who will be your immediate 
superior officer? 

7. Why can a torpedo do more damage than a 
projectile withthe sameweightof expio sive? 
Explain. 


8. Name the five sections of an air-steam 
torpedo. 

9. Which two sections of the air-steam torpedo 
are permanently joined? 

10. What are the three types of heads used on 
torpedoes? Teli when each is used. 

11. Name and define the two types of exploder 
mechanisms in torpedoes. 

12. Which two air-steamtorpedoes have adjust- 
able speed? 

13. What are the two control mechanisms of 
the air-steam torpedo? 

14. Name the three principal ways to Launch 
torpedoes. 

15. What supplies the impulse pressure to fire 
a torpedo from a trainable torpedo tube 
mount? From a fixed mount? 
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CHAPTER 2 

BASIC SCIENCE FOR TORPEDOMAN’S MATES 


In this chapter we shall review some of the 
basic ideas about matter and energy. We will 
discuss only those principies that will help 
you to understand how torpedoes and torpedo 
equipment work. They will also help you under¬ 
stand why you must follow certa in steps when 
you overhaul a torpedo. 

Actually this chapter is so basic that you 
can run through it quickly. But if you should 
find a strange idea, you may have to do extra 
reading on that subject. Attheendof the chapter 
we shall list several references. Use them for 
further study if this chapter shows thatyouneed 
it. 

NATURE OF MATTER 

MATTER is anything that has mass and takes 
up space. That obviously includes allsolidsand 
liquids. And, although it isn’t quite so obvious, 
it also includes all gases. But you can quickly 
show that a gas, such as air, takes up space. 
If you invert a drinking glass and push it into a 
Container of water, you’ll see that the water 
doesn’t rise and fili the glass. That’s because 
the air in the glass takes up space. You know 
that the air in an automobile tire takes up space, 
because it holds the car up off the road. 

It isn’t easy to show that a gas has mass. 
But if you weigh a fully inflated tire, then let the 
air out and weigh it again, you’11 find that the 
difference in weight is anounceormore. Thafs 
the weight of the extra air that was forced into 
the tire when it was inflated. 

GENERAL PROPERTIES OF MATTER 

All matter has certain properties or charac- 
teristics. Here are a few of them. 

IMPENETRABILITY.—This means simply 
that two things cannot be in the same place at 
the same time. A good example of this is when 
two cars meet at an intersection. The two cars 
cannot be in the same place at the same time. 


so one of them will have to give way to avoid a 
collision. And when you drive a nailintoapiece 
of wood, the nail doesn’t penetrate the wood 
fibers—it pushes them aside. 

INDESTRUCTABILITY.—The laws regarding 
indestructability of matter (and energy) contain 
the idea that neither matter nor energy can be 
created nor destroyed. However, before nuclear 
explosion demonstrated dramatically that matter 
can be transformed into energy, the theory was 
that matter could be changed only into other 
forms of matter, and energy into other forms of 
energy. Now we know that the sum of matter and 
energy in any reaction remains constant, but 
that one can be converted into the other. This 
book will not deal further with matter-energy 
conversion, so, for allpracticalpurposesinyour 
work, you may consider that matter is never 
really destroyed in any reaction; it is merely 
changed in form or nature. 

VOLUME,—Matter takes up space, so it has 
volume. You can state the volume of any object 
in cubic inches, cubic feet, or cubic centimeters. 
You learned in grade school how to find the vol¬ 
ume of a regular solid such as a cube: Multiply 
the length by the width by the height. You can 
measure the volume of a liquid by pouring it into 
a graduated cylinder. Since gas will expand to 
fili anything you put it into, its volume is always 
the same as that of its containers. 

How can you find the volume of an irregular 
solid? If the solid does not dissolve in water, 
this system will always work: Fili a Container 
with water—right up to the brim. Carefully 
lower the irregular solid into the water, and 
catch the overflow in a pan. Then measure the 
overflow by pouring it into a graduated cylinder. 
Since matter is impenetrable, the irregular 
solid displaces its own volume of water. 

WEIGHT AND MASS.—These two termshave 
separate meanings. The mass of any object is 
the amount of matter in it. The weight of an 
object is a measure of the earth’s attractionfor 
it. Weight depends on two things: the mass of 
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the object, and the force of gravity. The mass 
doesn’t change, but the force of gravity depends 
on the distance from the center of the earth. 
Thus any given object will weigh more at sea 
level than it will on a mountain top. 

DENSITY.—A piece of iron will sink if you 
put it in water. That same piece of iron will 
float if you put it in mercury. Iron is more 
dense than water, but less dense than mercury. 
Density is a measure of weight per unitvolume. 
When you state the density of any substance, 
you must also teli what units of weight and vol- 
ume you’re using. The statement that water has 
a density of one is meaningless. Fresh water 
has a density of one gram per cubic centimeter. 
But it has a density of abount 62.5 pounds per 
cubic foot. 

SPECIFIC GRAVITY.—The specific gravity 
of a substance is the density of that substance 
compared to the density of some Standard sub¬ 
stance. For gases, we use air as a Standard; 
for liquids and solids we use water. The spe¬ 
cific gravity of water is one. A piece of iron 
weighs 7.86 times as much as the same volume 
of water, regardless of the units of measurement. 
Iron, therefore, has a specific gravity of 7.86. 


ELEMENTS 

Many different kinds of matter surroundyou. 
But everything you see is made up of one or 
more of the Chemical elements (104 or more). 
Many of these elements are so rare that you will 
never see them. But you are familiar with the 
common ones such as iron, lead, tin, carbon, 
aluminum, copper, and sulfur. 

Most of the things you see around you are 
combinations of two or more elements. Brass, 
for example, is a mixture of copper and zinc. 
The air you breathe is a mixture of oxygen and 
nitrogen, with traces of other gases. Water is 
a combination of hydrogen and oxygen. 

But water and brass are two different kinds 
of combinations. In brass, the proportions of 
copper and zinc can vary, but you’11 stili have 
brass. The proportions of nitrogen and oxygen 
in the air can change, but it’s stili air. But in 
water there are always two parts of hydrogen to 
one part oxygen. You cannot change the propor¬ 
tions and stili have water. Air and brass are 
examples of MIXTURES of elements. Water is 
a Chemical COMPOUND. 


In all compounds, the elements are locked 
together in definite proportions. Table salt is 
a compound of one part chlorine to one part 
sodium. Sugar is a compound of 12 parts carbon, 
22 parts hydrogen, and 11 parts oxygen. Sul- 
furic acid, which you’11 use to make the electro¬ 
lyte for torpedo batteries, is a compound of 2 
parts hydrogen, one part sulfur, and 4 parts 
oxygen. You can’t change these proportions and 
stili have the same compound. 

So everything you see is made upof elements, 
compounds, or mixtures. Many familiar sub- 
stances—butter for example—are mixtures of a 
number of compounds. 

MOLECULES AND ATOMS 

Let’s say that you take a drop of water and 
divide it into two parts. Take one of those parts 
and divide it into two. Take one of those and 
divide again. This could go on and on. But 
eventually you’d reach a point where you’d no 
longer have water. Your last separation would 
separate the water into hydrogen and oxygen. 
The smallest particle of a compound that can 
exist, and stili have the properties of that 
compound, is called a MOLE CULE. 

If you divide an element, such as copper, 
into smaller and smaller parts, you’11 finally 
end up with a particle that is no longer copper. 
The smallest particle of an element that can 
exist, and stili have the properties of that ele¬ 
ment, is called an ATOM. 

You probably know now why compounds are 
made up of elements in DEFINITE PROPOR¬ 
TIONS. Two atoms of hydrogen are locked to 
one atom of oxygen to make one molecule of 
water. One atom of chlorine is locked to one 
atom of sodium to form one molecule of table 
salt. In a mixture, the atoms are not locked 
together. Brass is simply a mixture of copper 
atoms and zinc atoms, with no Chemical com¬ 
bination between the two. 

STATES OF MATTER 

Matter can exist in any of three States—as a 
SOLID, a LIQUID, or a GAS. You are familiar 
with all three States of water. At room temper¬ 
ature it’s a liquid. H you remove enough heat 
from the water it becomes a solid—ice. If you 
add enough heat it becomes a gas—steam. Any 
element can exist in any of the three States. 
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This is not always true of compounds. For 
example,'you will never see melted wood. Some 
compounds, when they are heated, undergo a 
Chemical change. The resuit is one or more 
different compounds. 

In a solid, molecules have little freedom of 
movement. Unless it is under pressure a solid 
will hold its shape. But the molecules of a liquid 
have more freedom. They can easily slide over 
one another. The liquid cannot hold its shape. 
It will flow, and take the shape of its Container. 
In a gas the molecules have even more freedom 
of movement. A gas will expand until it filis its 
Container completely. 

FORCE, WORK, AND ENERGY 

A FORCE tends to cause motion, or to change 
it. If you apply a pushing force to a book lying 
on your desk, you’11 tend to push it across the 
desk. If the force you apply is strong enough to 
overcome the friction of the book against the 
desk top, your force will cause motion. The 
book will move. Now, if some one applies an 
equal and opposite force to the book, it will 
stop moving. The second force caused a change 
of motion. 

If you apply UNBALANCED force to any 
object, that object will not only move, its speed 
will continue to increase. If you drop a rock 
off a cliff, the rock will fall at a constantly 
increasing speed until it hits the earth. 

.Matter can’t change its state of motion unless 
some forceisappliedtoit. This is in accordance 
with the LAWOF INERTIA, whichsays: If a body 
is at rest, it will remain at rest unless a force 
is applied to it; if a body is in motion it will 
continue to move at the same speed and in the 
same direction, unless a force is applied. 

You can rest a 1-pound weight on your toe 
without suffering. But if you drop that same 
weight on your toe from a heightof several feet, 
the resuit will be different. The moving weight 
will keep moving until it meets a force strong 
enough to stop it. Your toe can supply the neces- 
sary force, but not comfortably. 

Another good example of inertia is in the 
exploder of the torpedo. A small metal ring, 
called the inertia ring, is mounted in the ex¬ 
ploder in such a way that it has some freedom 
of movement. During the torpedo run, the inertia 
ring moves at the same speed as the torpedo. 
But when the torpedo strikes an object, the in¬ 


ertia ring has a tendency to keep going in the 
same direction. In so doing, it triggers the 
exploder mechanism and detonates the warhead. 

CENTRIFUGAL FORCE is causedby inertia. 
Let’s suppose that you tie a small weight to a 
string, and whirl it around your head. Be cause 
of its inertia, the weight tends to keep moving in 
a straight line (as you’11 see if you let go of the 
string). To keep it swinging in a circle, you 
have to apply a steady inward force on the string. 
And while it’s moving in a circle, the weight 
applies a steady outward force—centrifugal 
force—to the string. 

Any spinning object develops a centrifugal 
force. And the strength of the centrifugal force 
varies as the square of the speed at which the 
object is turning. If you double the speed of 
rotation, for example, the centrifugal force will 
increase four times. If you triple the speed, the 
centrifugal force will be nine times as great. 
That explains why you must never let a torpedo 
make a hot run on deck. With the propellers out 
of the water, the engine continues to speed up. 
The centrifugal force on the turbine blades 
quickly builds up to the point where it tears the 
turbine to piecesl 

We measure force in the same units we use 
to measure weight—grams, pounds, tons, etc. 

PRESSURE is force per unit area. The 
amount of pressure depends on two things—the 
amount of force, and the area it’s applied to. 
Imagine that there is a 10-pound weight on your 
desk. It’s applying a force of 10 pounds to the 
top of the desk. But what pressure is it apply¬ 
ing? If the bottom of the weight has area of 10 
square inches, the pressure is one pound per 
square inch. But if the bottom of the weight has 
an area of only one square inch, it applies a 
pressure of 10 pounds per square inch. 

That explains why it doesn’t take much force 
to push a needle into your flesh. Suppose that 
you apply a needle to your skin with a force of 
4 ounces. If the needle is really sharp, the area 
of its point is about a millionth of a square inch. 
Pressure is force divided by area. Four ounces, 
divided by one millionth of a square inch, gives 
a pressure of 4 million ounces (or 125 tons) per 
square inch. That’s more thanyour skin can re- 
sist. 

If you specify a pressure, you have tospecify 
both a force and an area. A pressure can be 
stated in grams per square centimeter, pounds 
per square foot, tons per square yard, etc. 
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WORK is force times distance. The amount 
of work you do depends on two things—the amount 
of force you apply, and the distance over which 
you apply it. K you lift a 1-pound weight through 
a distance of 10 feet, you do 10 foot-pounds of 
work. If you lift a 10-pound weight through a 
distance of 1 foot, you also do 10 foot-pounds 
of work. 

Actually, from this definition it doesn’t take 
any work to hold a 50-pound weight 2 feet off 
the deck, even if you hold it there all day. You 
exert a steady force of 50 pounds as long as you 
hold the weight. But there’s no work unlessyou 
exert that force through a distance. 

So, to specify an amount of work, you must 
specify both a force and a distance. You can 
state an amount of work in foot-pounds, gram- 
centimeters, ton-miles, etc. 

POWER is the rate of doing work. You ex- 
press it as units of work per unit time, such as 
gram-centimeters per second or foot-pounds 
per minute. 

Let’s say that you lift 10 pounds through a 
distance of one foot, in one second. And let’s 
say that your friend lifts 20 pounds through a 
distance of 15 feet in a minute. You will use 
more power than your friend. But your friend 
does a lot more work. Power is the RATE of 
doing work. You do 10 foot-pounds of work in 
one second. The power you use is 10 foot- 
pounds per second. Your friend does 300 foot- 
pounds of work, but it takes him 60 seconds to 
do it. His power is 300 divided by 60 or only 5 
foot-pounds per second. 

HORSEPOWER is a common unit of power. 
It's defined as a rate of 550 foot-pounds per 
second. What horsepower did you use in the 
above example? Your power was 10 foot-pounds 
per second. Your horsepower was 10 divided 
by 550, or 1/55 horsepower. 

ENERGY is the abilitytodowork. It can take 
several different forms. A torpedo storagebat- 
tery, for example, has Chemical energy. You 
can make the* battery do work by connecting it 
to an electric motor. A spinning turbine or a 
falling stone has mechanical energy. Both will 
do work if you connect them to a suitable ma- 
chine. A flowing electric current, or a charged 
capacitor, has electrical energy; both can be 
made to do work. The hot gases from burning 
oil have heat energy. You can make them do 
work by applying them to a boiler. 


Energy, like matter, can’t be created or 
destroyed. We can use it, but we can’t make 
it. And when we finish using it it’s stili there. 
All we’ve done was change its form. For ex¬ 
ample, think what happens during the run of an 
air-steam torpedo. In the beginning, the fuel 
has Chemical energy and the air in the air flask 
has mechanical energy. During the torpedo run 
the fuel burns, and changes its Chemical energy 
to heat. The heat increases the pressure of the 
air, and adds to its mechanical energy. The air 
spins the turbines, which transfer the mechanical 
energy to the propellers. 

Where does the energy go from there? In 
forcing the torpedo through the water, the pro¬ 
pellers turn their mechanical energy into heat. 
And this heat actually raises the temperature of 
the sea by a small amount. During its run, the 
torpedo transfers its energy to the sea. You 
can’t get the energy back, but it’s there just the 
same. The torpedo neither creates energy nor 
destroys it. It simply uses it by changing its 
form. 

PHYSICAL AND CHEMICAL CHANGES 

PHYSICAL CHANGES 

You know that for our purposes here you 
can’t destroy matter. But you can change its 
form. The simplest way to define a physical 
change is to say that it’s not a Chemical change. 
After a physical change you stili have the same 
compounds you started with. If you put an iron 
rod in the lathe you can reduce it to shavings, 
but it’s stili iron. If you have a mixture of pow- 
dered iron and powdered sugar, you can remove 
the iron with a magnet, but you stili have pow¬ 
dered iron and powdered sugar. All of these 
are physical changes. 

Changes of state are also physical changes. 
If you freeze water into ice or boil it into steam 
it’s stili water, even though you use a different 
name for it. There’s no Chemical change in the 
water molecules. 

When you apply heat to a piece of iron, the 
iron undergoes a physical change. It not only 
gets hotter, it gets bigger. Most substances 
expand as they get hotter. (There are a few 
exceptions.) You’ve probably noticedtheexpan- 
sion joints in bridges. These joints permit the 
bridge to expand, without buckling, when the 
weather is hot. If you’ve ever walked along a 
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railroad track, you know that the rail sections 
don’t meet end-to-end. The builders have left 
a small gap at the end of each section, so that 
the rails can expand. 

Most liquids show the same effect. They 
expand as the temperature rises, and contract 
as it falis. An illustration of this is the liquid 
in a thermometer. As it gets warmer, the 
liquid expands, rises higher in the column, and 
indicates a higher temperature on the cali- 
brated scale. 

You have already learned that a gas will 
expand until it filis its Container completely. 
How can it expand any more when it’s heated? 

Try this experiment on a cold winter day. 
Blow up a toy balloon, and tie it tightly so that 
no air can escape. Now take it outdoors and 
leave it there until the air inside gets cold. 
Measure the circumference of the balloon. 
Then take it indoors, leave it until it warms up, 
and measure it again. You’11 find that it’s 
bigger when it’s warm. 

But suppose you have a gas in a rigid Con¬ 
tainer, so that it can’t expand when you heat it. 
It will try to expand anyway. Its pressure will 
increase. You can demonstrate this if you have 
a car, a tire gage, and a little free time on a 
summer day. Check the pressure in oneofyour 
tires before you start to drive. Drive several 
miles so that the tires heat up, then check the 
pressure again. You’11 find it’s higher. 

So, when you heat agasinaclosed Container, 
its pressure increases. You will be told that 
you must never leave a charged air flask where 
direct sunlight can fall on it. It is easy to see 
why this rule isnecessary. The pressure inside 
a charged air flask is already very high. If 
you let its temperature rise, the pressure may 
build up enough to explode the flask. 

What happens when you change the pressure 
of the gas in a rigid Container? If you increase 
the pressure, by forcing more gas into the Con¬ 
tainer, the gas gets hotter. If you decrease the 
pressure, by letting some of the gas escape, it 
gets colder. 

You will see this when you charge the torpedo 
air flask. As you force air into the flask, its 
temperature will increase. When the gage shows 
that the flask is fully charged, you’11 shut off 
the valve, and no more air will enter the flask. 
The air in the flask will gradually cool. You 
know what happens to a gas when it cools: its 
pressure drops. So you’11 have to give the flask 


another charge after it has cooled. You may 
have to repeat this process several times. 

NEVER cool the flask artificially—by spray- 
ing it with water for example—to speed things 
up. The metal of the flask is hot, and it has 
expanded. When you cool it, it will contract. 
But you can’t cool all parts of the flask at once. 
The point where the water first hits will con¬ 
tract while the rest of the flask is stili expanded. 
This will cause strains in the metal. Such 
strains may be strong enough to break the flask. 


CHEMICAL CHANGES 

A Chemical change changes the molecules. 
The compounds that you start out with are not 
the ones you end up with. A familiar example 
is burning. What happens when alcohol buras in 
the combustion flask of a torpedo? That’s a 
Chemical change. You start out with a 
compound—alcohol, and an element—oxygen. 
You end up with two compounds—water and 
carbon dioxide. 

Most Chemical changes either give off energy 
or absorb it. For example you can separate 
water into hydrogen and oxygen by applying 
electrical energy. (This actually happens in the 
torpedo battery, as you’11 see later in this 
course.) Many Chemical changes give off heat. 
Burning is the most obvious example. 

A Chemical change often results in a change 
of state. When magnesium buras, a solid (mag- 
nesium) and a gas (oxygen) combine to form a 
solid—magnesium oxide. When alcohol burns, 
a liquid (alcohol) and a gas (oxygen) combine to 
form two gases—carbon dioxide and water. 
(Water is a gas when it is in the form of steam.) 

When alcohol burns in the combustion flask 
of a torpedo, it gives mechanical energy to the 
turbines in two ways. First, by changing a 
liquid into a gas. Because the gas takes up more 
space than the same weight of liquid, the reaction 
increases the pressure inside the flask. The 
heat of the reaction increases the pressure 
stili more. 

The same things happen when a torpedo 
warhead explodes, but they happen much faster. 
The main charge in a warhead is a solid. When 
it explodes it turns to a gas. The heat of the 
reaction increases the pressure. The resuit is 
a sudden, devastating pressure against the hull 
of the enemy ship. 
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SYMBOLS AND EOUATIONS 


WATER PRESSURE AND BUOYANCY 


Chemical equations are just a form of short- 
hand. They show what happens during a Chemical 
change. In these Chemical equations, the ele- 
ments are represented by symbols, to save time. 
Here are the .symbols for a few of the common 
elements. (You don’t have to memorize them.) 


AI—Aluminum 
C—Carbon 
Cl—Chlorine 
Cu—Copper 
H—Hydrogen 
Fe—Iron 
Pb—Lead 


N—Nitrogen 
O—Oxygen 
K—Potassium 
Na—Sodium 
S—Sulfur 
Sn—Tin 
Zn— Zinc 


Most of these you can recognize as simple 
abbreviations. The others are abbreviations of 
the Latin names. 

A formula composed of symbols can be used 
to represent any Chemical compound. The for¬ 
mula for water is H2O. That formula shows 
that each molecule of water contains two atoms 
of hydrogen and one atom of oxygen. 

A Chemical equation is simply a statement 
of what happens during a Chemical reaction. 
When you burn hydrogen it combines with oxy¬ 
gen to form water. For that we could write the 
equation 


H + 0—H 2 0 


That says that hydrogen plus oxygen produces 
water. But, as it stands, the equation isn’t ac¬ 
curate. First, it isn't balanced. There are two 
hydrogens on the right side of the equation, and 
only one on the left. Second, we want an equa¬ 
tion that telis what happens in terms of mole- 
cules. H 2 0 is the formula for a molecule of 
water. But H isn’t the formula for a molecule 
of hydrogen. When elements are in the form of 
a gas, two atoms usually combine with each 
.other to form a molecule. The formula for a 
molecule of hydrogen, then, is H 2 . And our 
corrected, balanced equation is this 

2H 2 + 0 2 —► 2H 2 0 


It says that two molecules of hydrogen, plus 
one molecule of oxygen, produce two molecules 
of water. 


If you have done underwater swimming, you 
know that the pressure in your ears is uncomfort- 
able when you swim down to 10 or 15 feet below 
the surface. At 30 feet, the pressure becomes 
rather painful. The pressure is caused by the 
weight of the water above you. The farther 
below the surface you swim, the greater the 
weight of water pressing down on you. 

Exactly how much is the pressure at any 
given depth? Try to imagine one cubic foot of 
water, with its top surface at the top surface 
of the sea. Its bottom surface, of course, is 
one foot below sea level. Because of gravity, 
any body at rest exerts a downward force equal 
to its own weight. The weight of a cubic foot 
of sea water is about 64 pounds. Your imaginary 
cubic foot of water is applying its downward 
force over an area of one s quare foot. Then 
what’s the pressure at a depth of one foot? 
It’s 64 pounds per s quare foot. 

H you use the same reasoning, you can see 
that the pressure at a depth of 2 feet is 128 
pounds per square foot; at 10 feet it’s 640 
pounds per square foot. 

The depth mechanism of the torpedo includes 
a flexible diaphragm. On one side it’s backed 
up by spring pressure. On the other side it’s 
open to the sea. As the torpedo sinks deeper 
in the water, the pressure on the diaphragm 
increases, and it moves inward against the 
resistance of the spring. As the torpedo rises 
the pressure decreases, and the spring pushes 
the diaphragm outward. Thus the exactposition 
of the diaphragm depends on the depth of the 
torpedo below the surface. If the torpedo is 
not running at the proper depth, the diaphragm 
sends corrective orders to the depth engine. 

Now imagine an empty can in the form of a 
one-foot cube. Suppo se you push the can under 
water until its top is exactly one foot below 
the surface. Since matter is impenetrable, 
you’11 have to push aside one cubic foot of 
water in order to submerge the can. What’s 
the pressure on top of the can? At a depth 
of 1 foot, the pressure is 64 pounds per square 
foot. At a depth of 2 feet the pressure is 128 
pounds. The pressure on the bottom of the 
can is 64 pounds per square foot MORE than the 
pressure on top of the can. Since the bottom 
of the can has an area of one square foot, the 
water exerts a net upward force on the can of 
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64 pounds. That’s exactly equal to the weight 
of the water you had to push aside in order 
to submerge the can. 

Figure 2-1 shows two metal spheres—one 
of aluminum and one of cast iron. Each has 
a diameter of 10 inches. Each is suspended from 
a spring scale. When you submerge the spheres 
in water, the scales Show that they weigh 
less. That’s just what you’d expect. 

But how much less? If you subtract the 
weight of the submerged aluminum sphere from 
its weight in the air, you’11 see that it weights 
18.9 pounds less under water. Do the same 
thing for the iron sphere, and you’11 find that 
it too looses 18.9 pounds. Why? Submerging 
the spheres can’t change their mass or density. 
The spheres lose weightbecause water exerts an 
upward force on all submerged objects. We call 
that force BUOYANCY. 

Why should water exert the same upward 
force on two spheres of different weight? You 
saw that the upward force on the empty can was 


equal to the weight of the water it displaced. 
The same thing is true of any submerged body. 
Each of the spheres in figure 2-1 willdisplace a 
10-inch sphere of water. You can easily cal¬ 
culate the weight of a 10-inch sphere of water. 
It comes out to 18.9 pounds. (The volume of a 
sphere is 4/3 n r3; assume that this is fresh 
water, which weighs about 62.5 pounds per 
cubic foot.) 

When the spheres are under water, they are 
buoyed up by a force equal to the weight of the 
water they displace, Buoyancy has nothing to 
do with the weight of the submerged object. It 
depends only on the volume of water that object 
displaces. 

Now, let’s suppose you have a 10-inch sphere 
of wood, weighing 15 pounds. If you submerge 
this sphere in water, the water will exert an 
upward force of 18.9 pounds. That’s more than 
the weight of the wooden sphere. So of course 
it will rise to the surface, and float with part 
of its volume in the air. How much of the 



Figure 2-1.—Buoyancy depends on volume. 


21 


Digitized by ^.ooQle 




TORPEDOMAN f S MATE 3 & 2 


floating 15-pound sphere of wood will be under 
the surface? The answer is easy: enough to 
displace exactly 15 pounds of water. 

There are three different States ofbuoyancy: 
Positive, Negative, and Neutral. 

An object has POSITIVE BUOYANCY whenit 
weighs less than an equal volume of the displaced 
fluid. The wooden sphere is in a state of posi¬ 
tive buoyance, so it floats. 

An object has NEGATIVE BUOYANCY when 
it weighs more than an equal volume of the dis¬ 
placed fluid. The two metal spheres are in a 
state of negative buoyancy. If you disconnect 
them from the scales they'11 sink to the bottom. 

An object has NEUTRAL BUOYANCY whenit 
weighs exactly the same as an equal volume of 
the displaced fluid. Such a body would neither 
float to the top nor sink to the bottom. It would 
stay where you put it in the fluid, until it was 
acted on by some outside for ce. 

When you fire a war shot torpedo, it's in 
a state of negative buoyancy. The torpedo 
weighs more than the water it displaces. With- 
out its propelling source, depth Controls, and 
depth rudders, it would sink as soon as you fire 
it. If the torpedo misses its target, it will sink 
to the bottom at the end of its run. 

When you fire an exercise shot, you want it 
to have the same negative buoyancy as the war 
shot, so it will have the same running charac- 
teristics. You will carefully control the weight 
of the exercise torpedo by pouring a measured 
amount of liquid ballast into its head section. 

At the end of the exercise run the head 
blows, and forces the liquid ballast into the 
se a. Without its liquid ballast, the exercise 
torpedo weighs less than an equal volume of 
water. It's in a state of positive buoyancy, and 
it floats. 


HYDRAULICS 

Hydraulics is the study of fluids in motion. 
(A fluid is anything that will flow; the term 
applies to both liquids and gases.) 

You will be working with at least two dif¬ 
ferent hydraulic mechanisms: the power drive 
mechanism on above-water trainable torpedo 
tubes, and hydraulic Controls of depth charge 
release tracks. In the tube mount and depth 
charge release track Controls, the hydraulic 
fluid is oil. Submerged tubes use hydraulic 
Controls for opening and closing muzzle doors. 


(Muzzle doors on submerged tubes may also 
be closed manually.) The same basic principies 
apply to all liquids in motion. 

The usefulness of a hydraulic mechanism 
depends on two special properties of liquids. 
First, liquids are practically INCOM- 
PRESSIBLE. That means simply that you can't 
reduce the volume of a liquid by applying pres¬ 
sure to it. The second property is a resuit of 
the first. If the liquid is confined in a closed 
system, so that it can't escape, any pressure 
you apply to the liquid atonepointwill be trans- 
mitted equally throughout the system. For 
example, if you apply pressure to the liquid at 
one end of a long pipe, the liquid will immedi- 
ately transmit that pressure to every point in 
the pipe. If you want to apply a for ce at one 
point, and have it do work at a distant point, 
the hydraulic system has an outstanding advan- 
tage over a mechanical linkage. The hydraulic 
system will instantly transmit your force to the 
distant point, without lost motion or friction. 

Since any pressure you apply to a liquid in 
a closed system is transmitted equally in all 
directions, we can use a hydraulic system to 
get an INCREASE in force. Figure 2-2 shows 
how it works. 



Figure 2-2. —Pressure transmitted to a 
larger area. 

The area of the small piston, in the left- 
hand cylinder, is one square inch. Ifyou apply a 
downward force of one pound on this piston, the 
liquid will immediately transmit a force of one 
pound per square inch to every point in the 
system. The area of the large piston, in the 
right-hand cylinder, is 10 square inches. And 
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you have an upward force of one pound on each 
square inch of it. Then the total upward force 
on the large piston is 10 pounds. (But don’t 
imagine that you’re getting something for 
nothing.) The large piston moves only one- 
tenth as far as the small one. The work (force 
times distance) has not been increased. 

STATIC E LE CTRICITY 

If your car has nylon or plastic seat covers, 
you’ve probably had some personal experience 
with static electricity. On a cold dry day, if 
you slide across the seat, get out of the car, 
and then touch the door handle, you’II get an 
uncomfortable shock. If it’s dark, you can see 
a spark leap from the door handle to your 
fingers. 

To understand why, let’s take a closer look 
at the atom. According to present theory, an 
atom consists of a NUCLEUS at the center, and 
electrons that move about the center in orbits. 
The atom has been comparedto a miniature solar 
System. The electrons revolve about the nucleus 
in much the same way that the planets revolve 
about the sun. 

Electrons, as you know, have a negative 
electrical charge. And the nucleus has apositive 
charge. Since the revolving electrons developa 
centrifugal force, what keeps them from flying 
away from the nucleus? The answer is that 
imlike electric charges attract each other. 
Since the electrons and the nucleus have opposite 
charges, the electrical attraction between them 
holds the electrons in their orbits, just as 
gravity holds the planets in their orbits around 
the sun. 

Not ali of the electrons are tightly attached 
to the atom. It’s sometimes possible to remove 
one or more of those in the outer orbits. In 
a normal atom, the numberof positive charges in 
the nucleus is just equal to the number of elec¬ 
trons; the atom as a whole has no charge. If 
you remove an electron from the atom, you’11 
leave it with a positive charge. If you add an 
extra electron, you’11 give the atom a negative 
charge. 


Now let’s get back to your nylon seat covers. 
As you slide across the seat, the nylon wipes 
some of the loose electrons off the seat of 
your pants. That leaves you with less than the 
normal number of electrons. Your body has a 
positive charge. And the car has more than the 
normal number of electrons. It has a negative 
charge. 

Remember that unlike charges attract each 
other. When you reach for the door handle, 
your positive charged fingers have a strong 
attraction for the extra electrons on the car. 
These extra electrons will leap to your hand, 
and the spark will sting your fingers. 

The shock is less uncomfortable if you first 
touch the door handle with your ignition key, 
instead of your fingers. The extra electrons 
will stili flow through your hand, but you’11 
avoid the sting of the spark. 

If you touch the handle with a glass rod 
instead of the ignition key, nothing will happen. 
Your body will keep its charge, and you’11 
stili get a shock if you touch the door. From 
this you can see that some objects, such as 
ignition keys, will carry a flow of electrons. 
And other objects, such as glass rods, will not. 

This is all the electricity you need to know 
for now. Chapter 9 of this course goes on from 
here. 


REFERENCES 

Areas and Volumes: Mathematics, Volume 2, 
NavPers 10070-A, Chapter 3. 

Work, Power, Force, and Pressure: Basic 
Machines, NavPers 10624, Chapters 7, 8, 
and 9. 

Hydraulics: Basic Hydraulics, NavPers 

16193, Chapters 1 and 2. Basic Machines, 
NavPers 10624, Chapter 11. 

Static Electricity: Basic Electricity, Nav¬ 
Pers 100868-A, Chapter 1. 


23 


Digitized by ^.ooQle 



TORPEDOMAN f S MATE 3 & 2 


QUIZ 


1. What is matter? 

2. Name some of the properties or character- 
istics of matter, 

3. What is the difference between weight and 
mass? 

4. Define ‘'density* * and “specific gravity** 
in as few words as possible. 

5. A certain aluminum alloy has a density of 
175 pounds per cubic foot. What is its 
specific gravity? 

6. Which of the following substances are 
Chemical elements: brass, wood, oxygen, 
water, copper, tin, salt, beer, scrambled 

eggs? 

7. Define “molecule” and "atom.” 

8. Name the three States of matter. How can 
you change a substance from one state to 
another? 

9. Define these terms briefly: pressure, work, 
energy, power. 

10. State the law of inertia in your own words. 
What part of the torpedo depends on the. 
principle of inertia? 

11. Let*s say that if you try to push a car, 
you’11 need 50 pounds of force to overcome 
friction and keep the car moving. If you 
push this car with a steady force of 100 
pounds, will the car stand stili, move at 
a steady speed, or move with a constantly 
increasing speed? 

12. If a 150-pound man carries a 50-pound 
weight up a ladder 10 feet high, how much 
work does he do? 

13. A mule, using a rope and pulley, lifts a 
200-pound bale of hay through a distance of 


15 feet in 5 seconds. At approximately 
what horsepower is he working? 

14. Which of these are Chemical changes: 

(a) water freezes 

(b) milk sours 

(c) gasoline evaporates 

(d) wood burns 

(e) solder melts 

15. (a) If you increase the pressure of a gas in 
a closed Container, how does that effect its 
temperature? (b) If you increase the tem¬ 
perature of gas in a closed Container, how 
does that affect its pressure? 

16. When a submarine is submerged to a depth 
of 1,000 feet, what is the approximate 
pressure on its hull, in pounds per square 
foot? (Assume that a cubic foot of sea 
water weighs 64 pounds.) 

17. In air, a certain piece of metal weighs 444 
pounds. When submerged in sea water, it 
weighs only 380 pounds. Calculate its 
volume and density. 

18. In what state of buoyancy is an air-steam 
exercise torpedo: 

(a) at the moment of launching? 

(b) after the head blows? 

19. What two special properties of liquids do 
we make use of in a hydraulic machine? 

20. Let*s say that you have nylon or plastic 
seat covers on your car. On a cold dry 
day, if you slide aeros s the seat, get out 
of the car, and then touch the door handle, 
you’ll get an uncomfortable shock. Expia in 
why. 
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CHAPTER 3 

TORPEDO TOOLS AND WORKSHOP EQUIPMENT 


INTRODUCTION 

The final success of the torpedo run is de¬ 
pendent upon the proper adjustments and tests 
made during overhaul and adjustments of a tor¬ 
pedo in repair shops. It is necessary, therefore, 
that the tests and adjustments be made in the 
Standard approved manne r with equipment of 
Standard design. To this end BuWeps has issued 
tools designed especially for adjustingandover- 
hauling torpedoes. Each of these tools was made 
to do one or more specific jobs on the torpedo. 
It has no other purpose. 

Actually, the subject of tools could easily 
fili a whole book. In this chapter we are con- 
cerned with tools that BuWeps has issued espe¬ 
cially for torpedo overhaul and maintenance. 
For complete discussions of tools, read Basic 
Hand Tool Skills, NavPers 10085, and OP 1217, 
Torpedo Workshop Equipment and Tools. 

OP 1217 is your best guide fortheair-steam 
torpedo tools and equipment. It gives a separate 
chapter to each class of tools and equipment. 
You can use this chapter as an introduction to 
OP 1217 and to the torpedo itself. When you 
check out in the practical factors requiredby 
the qualifications for advancement inrating, you 
will be expected to recognize most torpedo tools 
on sight. You will be expected to name them, 
and teli what they're used for. Most of this 
Information you could get by memorizing the 
list and illustratione in this chapter. But it 
wouldn’t stick with you long. It will be firmly 
fixed in your mind only after you have actually 
used the tools in the shop. After you have the 
practical experience, use this chapter as a 
review. 

TORPEDO TOOLS 

To adjust, repair, and overhaul torpedoes, 
you will have to know and use many tools. For 
each step in each adjustment and each overhaul, 
you must select and use the right tool. 


Actually, this job is not as tough as it sounds. 
The Navyhasmadeiteasyforyou. Each tool has 
been given an identifying number which is 
stamped on it. And in making any adjustment, or 
in overhauling any part of the torpedo, the Navy 
has issued Ordnance Pamphlets with checklists. 
These checklists teli you each stepintheopera- 
tion. For each step, they teli you the number of 
the tool to use. So you see,unless you’re care- 
less, or unless you try to save time by taking 
“short cuts," it will behard for you to go wrong. 

The old saying, “a place for everything and 
everything in its place,” makes a good rule for 
the torpedo repair shop. You can’t do an effi¬ 
cient, fast repair job if you have to stop and 
look around for each tool you need. The following 
rules, if followed, will make your work easyfor 
you. 

1. KEEP EACH TOOL IN ITS PROPER 
STOWAGE PLACE. A tool is useless if you 
cannot find it. On a fighting ship, you’11 keep 
your torpedo tools in a box. In the torpedo shop 
at a shore station, or on a repair ship or tender, 
the tools will usually be kept in racks and 
drawers. If you retura each tool to its proper 
place, you'll know where it is the next time you 
need it. 

2. KEEP YOUR TOOLS IN GOOD CONDI- 
TION. Protect them from rust, nicks, burrs, 
and breakage. 

3. KEEP YOUR TOOL ALLOWANCE COM¬ 
PLETE. In every torpedo shop you'll find alist 
of ali the numbered torpedo tools. On fighting 
ships, the list is usually kept on the inner lid of 
the tool box. Keep the list up to date, and check 
the tools against the list frequently. If any tool 
is missing, damaged, or badly worn, requisition 
a new one. 

4. USE EACH TOOL ONLY ON THE JOB 
FOR WHICH IT WAS DESIGNED. H you use the 
wrong tool to make an adjustment, the adjust¬ 
ment will probably be unsatisfactory. And 
you're likely to do damage to the torpedo. For 
example, if you use a female Socket wrench 
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that’s a trifle too big, you’11 ronnd off the cor- 
ners of the nut. Then the big wrench will no 
longer turn the nut, and the wrench made for 
that nut won’t fit at ali. 

It is quite possible in an emergency that you 
may have to substitute one tool for another. But 
before you do, get permission from the torpedo 
officer. This emergency, however, should not 
occur if you follow the first three rules. 

TORPEDO TOOL LIST 

This is your checklist of numbered tools for 
air-steam torpedoes. The main purpose of the 
list is to give you the tool number and teli you 
what that tool is used for. As new marks of 
torpedoes go into productionandreachthe Fleet, 
you can expect new tools to be issued. We will 
leave a blank space at the end of the list for you 
to add the new tools as they are issued. 

11— Socket wrench, male, 5/16" square— 
used on water compartment filling plug, plugfor 
access hole in depth mechanism air chamber, 
etc. (Fig. 3-1.) 

12— Socket wrench, female, 7/16" square 
(F)—used on air strainer plug, water compart- 
ment screws, etc. (Fig. 3-1.) 

13— 14—Double-end Socket wrench, male 
0.623" and female 0.314"—used on stop valve 
spindle, charging valve plug, oil filling plug, 
drain plug, etc. (Fig. 3-1.) 

18—Open-end wrench, 3/4"—used on depth 
index stuffing gland, air releasing valve guide, 
fuel spray holder, etc. (Fig. 3-1.) 

18A— Socket wrench—used on Navol Con¬ 
tainer. 

24— Open wrench, 9/16"—used on gyro re- 
ducing valve pipe nut. (Fig. 3-1.) 

25— Spanner wrench—used onsteeringengine 
cylinder head, etc. 

37— Screwdriver blade—for generaluse (with 
handle, tool No. 38). (Fig. 3-1.) 

38— Handle—used with tool No. 37. (Fig. 
3-1.) 

39— Screwdriver—for general use. 

40— Screwdriver—used on transportation and 
replacement screws, and for general use. 

41— Screwdriver—for general use. 

44—Vernier scale—used to check throw of 
vertical steering rudders. (Fig. 3-1.) 

48—Socket wrench, female, 3/8 "hex—used 
on nuts for hand hold studs, air release mech¬ 
anism cover, etc. (Fig. 3-1.) 


49—Socket wrench, male 7/32" square—used 
on joint screws, etc. (Fig. 3-1.) 

49A—Socket wrench, female 7/32" square— 
used on steering engine and depth engine holding 
screws. (Fig. 3-1.) 

51A—Socket wrench, female, 5/8" square— 
used to remove spray holders. 

54—Handle bar—used with spanner wrenches 
(tools Nos. 117, 221, 228, and 452). 

61—Breaking screw, 1/4" x 20-thread—used 
to break bulkhead joints, etc. (Fig. 3-1.) 

64—Open—end wrench, 7/32"—used on 
bracket screws of steering and depth engines, 
holding screw of exploder firing mechanism, etc. 

69—Upsetting tool—used on turbine wheel 
locknut screw. 

72—Combination pliers—for general use. 
(Fig. 3-1.) 

74—Lifting screw—for holding the fuel, 
water, and air check valves while lapping them; 
for holding the fuel plug in tool 217 when re- 
moving it from the fuel flask, etc. (Fig. 3-1.) 

80— Spanner wrench—used on gyro locking 
disc. (Fig. 3-1.) 

81— Screwdriver—for general use on gyros. 

88—Screwdriver—for general use on gyros. 

(Fig. 3-1.) 

90— Tweezers—for general use on gyros. 
(Fig. 3-1.) 

91— Starting screw—for generaluse on gyros. 
(Fig. 3-2.) 

92— Jeweler’s pliers—for general use on 
gyros. (Fig. 3-2.) 

94—Oil syringe—used on oil plugs and con- 
nections. (Fig. 3-2.) 

96A—Face spanner—used on upper cross- 
head oil connection. 

98—Spring push balance—used for testing 
the reducing valve packing. etc. (Fig. 3-2.) 

134—Hook spanner wrench—used on air con¬ 
nection from reducer to top of combustion pot. 
(Fig. 3-2.) 

134A—Hook spanner wrench—used on main 
air connection. (Fig. 3-2.) 

135A—Socket wrench, female, 1/4" square— 
used on depth and starting gear spindles, etc. 
(Fig. 3-2.) 

141A—Open-end wrench, 5/8"—used on air 
pipe connection to igniter, etc. (Fig. 3-2.) 

144—Open-end wrench, 7/8"—used on gyro 
spin pipe nut, on air connections to fuel and 
water checks, etc. (Fig. 3-2.) 
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145—Adjusting pln—used on gyro and pallet 
mechanism. 

148—Open-end wrench, 9/16”—used on tur¬ 
bine nut and air pipe nut. 

150— Open-end wrench ll/l6"—used on cam 
roller screw, etc. (Fig. 3-2.) 

151- 151A— Face spanner wrench—used on 
starting and stop valve follower. 

155—Open-end wrench, 3/8"—used on con- 
trol valve bracket nut, etc. (Fig. 3-2.) 

159—Open-end wrench, 9/32"—used ondepth 
engine stop plug, etc. 

161—Open-end wrench, 7/16"—used on fuel 
spray body, etc. 

165— Screwdriver (heavyduty)—used for gen- 
eral use. 

166— Tapered drift, 2 1/2" x l/4"—for gen- 
eral use. 

169—Hook spanner wrench—used on depth 
engine gland. 

171— Claxnp—used on depth engine pistonrod. 

172— Gyro tool—used to move the balls in 
gyro wheel bearings. (Fig. 3-2.) 

176— Socket wrench, female, 5/16" square— 
used on after bulkhead bearing screws. 

176A—Extension for tool 176. 

177— Spanner wrench—used on after bearing 
packing ring follower. 

179— Hook spanner wrench—used on turbine 
wheel locknuts. 

180— Socket wrench, male, 3/8" square— 
used on depth mechanism spring adjusting 
screw, etc. (Fig. 3-2.) 

181— 181 A—Spanner wrench—used on stop 
valve spindle follower, etc. (Fig. 3-2.) 

183— Socket wrench, female, 15/16" hex— 
used on propeller sleeve nut, etc. (Fig. 3-2.) 

184— Socket wrench female, 7/32" square— 
used on after propeller shaft joint screw, etc. 
(Fig. 3-2.) 

185— Face spanner wrench—used on forward 
and after propeller nut. 

186— Hook spanner wrench—used on after 
propeller nut. 

188—Hook spanner wrench—used on spindle 
shaft sleeve and gyro spinning gear. 

191—Open-end wrench, 11/4"—used ondepth 
engine cylinder head, etc. 

200-441—Combination lifting screw, 3/8" x 
20-thread—used for cocking the air-release 
mechanism Mk 2. (Fig. 3-3.) 

201A—Face spanner wrench—used on gyro 
spinning turbine wheel and warhead cap. 


204—Spanner wrench—used on gyro gimbal 
bearing cup. (Fig. 3-3.) 

205A-246—Combination locking hook and 
Socket wrench, male, 5/32" square—used on 
gyro bottom piate screws, and for locking the 
gyro in the mechanism. (Fig. 3-3.) 

208—Extension for tools 18, 183, and 428— 
used on depth index gland, etc. 

212— Assembly bushing—used in assembling 
the starting valve assembly. 

213— Assembly bushing—used in assembling 
the steering engine piston. 

217— Socket wrench, female, 5/16" square— 
used on fuel filling plug. (Fig. 3-3.) 

218— Open-end wrench, 1 7/16"—used on 
water head relief plug. (Fig. 3-3.) 

220-220A—Box wrench, 1 1/2' and 1 3/4"— 
used on starting gear. (Fig. 3-3.) 

222— Gage—used to test depth engine valve. 
(Fig. 3-3.) 

223— Test connection—replaces air strainer 
when testing rudder throws with air from an 
outside source. (Fig. 3-3.) 

227— 227A—Double-socket wrench, male, 
5/16" and 1/2" square—used on rudder connec¬ 
tion pins, nozzle stud nuts, etc. (Fig. 3-3.) 

228— Spanner wrench—used on ball race, 
turbine spindle casing. 

229— Open-end wrench—used on pipe nuts, 
etc. (Fig. 3-3.) 

230— Assembly bushing—used in assembling 
the depth engine piston. 

231— Wedge—used to spread the turbine 
spindle casing. 

231A—Wedge—used to spread the turbine 
spindle casing. (Fig. 3-3.) 

232— Assembly gage—used on middle ball 
race of turbine wheels. 

234—Eye bolts—used for handling air-flask 
heads. (Fig. 3-3.) 

234A—Lifting handle—used on air-flask 
heads. 

241A-242A—Double box wrench, 2 1/4" and 
1 7/8"—used on main air connection to water 
compartment. (Fig. 3-3.) 

245—Screw rods, 5/32" x 36-thread—used on 
check valves. 

246A—Socket wrench, male, 5/32" square— 
used on reducing valve holding screw. (Fig. 
3-3.) 

246B—Socket wrench, 5/32" square—used on 
depth engine lock screw. 


29 


Digitized by 


Google 




TORPEDOMAN'S MATE 3 & 2 



Digitized by t^.ooQLe 




































Chapter 3-TORPEDO TOOLS AND WORKSHOP EQUIPMENT 


248—Vise jaws (2 parts)—used on depth 
engine cylinder. 

. 252—Face spanner wrench—used on reducing 
valve stem nut. 

254—Socket wrench extension—usedwithtool 
No. 12 

300— Vise jaws—used to hold main engine 
shaft in vise. 

301— Tubular box wrench—used on first 
spindle and forward spindle adjusting nut. 

303— Special lifting tool—used in removing 
the gear train from the afterbody. 

304— Drift piate—used in removing liner 
from the combustion pot. 

305— Jack screw—used to test thrust clear- 
ances. 

306— Socket wrench—used to insert igniter 
in the combustion pot. 

309— Lifting handle—used in lifting turbine 
and gear train. 

310— T-gage—used in assembling the middle 
ball race. 

312— Double spanner wrench—used on idler 
shaft (No. 7 nut). 

313— Box spanner—used on forward propeller 
shaft (No. 9 nut). 

314— Open-end wrench, 3/8" x 7/16"—used 
on exploder, etc. 

315— Double spanner wrench—used on first 
stage spindle (No. 5 nut). 

316— Box spanner—used on forward end of 
idler shaft (No. 6 nut). 

317— Box wrench—used on second stage 
spindle (No. 8 nut). 

356—Box wrench, 3/4" and 5/8" hex—used 
on oil pump and A-frame stud nuts. (Fig. 3-3.) 

364—Clamp—used on exhaust valves. 

372A—Strainer remover—used to remove 
strainers from strainer body. (Fig. 3-3.) 

377—Box wrench, 11/4" hex—used oncharg- 
ing valve bushing and starting valve follower. 
(Fig. 3-3.) 

382—Spanner wrench—used on turbine wheel 
nut. 

386—Socket wrench, 5/16" square—used on 
after-body joint screws, etc. (Fig. 3-3.) 

388— Socket wrench, male, 5/8" square— 
used on warheads, etc. 

389— Socket wrench, female, 7/16" square— 
used on engine cage stud nuts. 

389A—Offset socket wrench, female, 7/16" 
square—used on engine cage stud nuts. (Fig. 
3-3.) 


391A—Socket wrench, female, 1 5/8" hex— 
used on igniter and turbine wheel nut. (Fig. 
3-3.) 

400— 400H—Set of Allen wrenches, 1/8" to 
3/8"—for general use. 

401— Open end wrench, jointed, 5/8" —used 
on pipe nuts. etc. 

402— Open-end wrench, 1"—for general use. 
(Fig. 3-4.) 

404— Open-end wrench, 9/16"—used on pipe 
nuts, etc. 

405— Socket wrench, male 7/16" square— 
used on fuel and water strainer plugs. (Fig. 
3-4.) 

406— Socket wrench, female, 3/4" hex—used 
on fuel and water check valve plugs. (Fig. 
3-4.) 

407— Socket wrench, female, 5/8" hex—used 
on fuel and water check valve guide. (Fig. 
3-4.) 

408— Socket wrench, 7/16" hex—used on gyro 
piate screws. 

409— Lifting screw, 5/8" x 20-thread—used 
on air chamber in depth mechanism. Fig. 3-4.) 

410— Socket wrench, female, 0.630hex—used 
on lower depth spindle Socket nut. (Fig. 3-4.) 

411A—Test weight, 10 pounds—used in test- 
ing Uhlan gear. (Fig. 3-4.) 

411B—Test weight, 16 pounds—used in test- 
ing Uhlan gear. 

41 ID—Test weight, 4 pounds—used with tool 
No. 411B in testing Uhlan gear. 

414A—Test clip—used in testing the gyro 
wheel in bearings. (Fig. 3-4.) 

416—Bearing jack—used in removing gyro 
bearing races. (Fig. 3-4.) 

418— Spanner wrench—used on stop valve 
spindle packing gland. (Fig. 3-4.) 

419— Special wrench—used on speed-change 
operating shaft. 

419A—Special wrench—used on speed-change 
operating shaft. 

420— Spanner wrench—used with tool No. 377 
on starting valve. (Fig. 3-4.) 

421— Spanner wrench—used on reducing valve 
and locknut. 

422— Spanner wrench and packing wrench— 
used on reducing valve packing and packing 
gland. 

423— Spanner wrench—used on after bearing 
packing nut. 

424— Assembling gage—used in assembling 
middle ball races and turbine wheels. 
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Figure 3-4,—Torpedo tools. 
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424A—Assembling gage—used in assembling 
middle ball races and turbine wheels. 

425— Hook spanner wrench—used on forward 
propeller nut. (Fig. 3-4.) 

426— Hook spanner wrench—used on after 
propeller nut. (Fig. 3-4.) 

427— Socket wrench, 1/2" square—used on 
restriction valve body plug. 

428— Socket wrench, 3/4" hex—usedwithtool 
No. 183 on restriction valve body plug and spray 
holders. 

430— Socket wrench, male, 9/16" square— 
used on gear shift operating spindle. (Fig. 3-4.) 

431— Socket wrench, female 1 l/l6"hex— 
used on side gear carrier stiffening post nuts. 
(Fig. 3-4.) 

432— Spanner wrench—used on starting gear 
packing gland. (Fig. 3-4.) 

433— Spanner wrench—used on turbine wheel 
locknut. 

434— Open-end wrench, 11/16"—used on side 
gear carrier stiffening post nuts, etc. (Fig. 
3-5.) 

435— Open-end wrench, 5/16"—used on 
nozzle stud nuts etc. (Fig. 3-5.) 

436— Open-end wrench, 1/2"—used on oil 
pump valve cylinder head, etc. 

437— Crowfoot wrench, 31/32"—used on 
'water compartxnent nut, etc. (Fig. 3-5.) 

438— Crowfoot wrench, 5/8"—used on ig- 
niter pipe nut. 

439— Special wrench—used on restriction 
valve packing gland. 

440— Special wrench—used on nozzle valve 
stuffing box gland. 

441— 200—Cocking tool and lifting screw— 
used on hand hole plates, and for cocking air- 
release mechanism Mk 2, etc. 

442— Medium hand chuck—used to hold me¬ 
dium taps. 

442A—Small hand chuck—used to hold small 
taps. 

443— Large hand chuck—used to hold large 
taps. 

444— Socket wrench, male, 7/16" square— 
used for bottom setting of anglefire. (Fig. 3-5.) 

445— Special spanner wrench, 0.281" 
square—used on afterbody oil cup. 

446— Lifting handle—used in lifting turbine 
gear frame assembly. (Fig. 3-5.) 

446A—Grip, 1/2"—used on turbine bulkhead. 

446B—Grip, 3/4"—used on turbine bulkhead. 


447— Shaft guide—used to guide propeller 
shaft into after bearing. (Fig. 3-5.) 

447A—Shaft guide—used to guide propeller 
shaft into after bearing. 

448— Vise jaws—used to hold propeller shaft 
in vise. (Fig. 3-5.) 

449— Lifting screw jack, 5/32" x 36-thread— 
used on steering engine fork pins. (Fig. 3-5.) 

450— Alignment tool—used to align propeller 
shaft during assembly. 

450A—Alignment tool—used to align pro¬ 
peller shaft during assembly. 

450B—Alignment tool—used to align pro¬ 
peller shaft during assembly. 

451— Open-end wrench, 1 1/8"—used on oil 
tank filling connection pipe nuts. 

452— Spanner wrench—used on lower turbine 
spindle bearing. (Fig. 3-5.) 

453— Parallel bars—used for aligning tur¬ 
bine A-frame. (Fig. 3-5.) 

454— Holding clip—used for holding main 
drive gears during assembly. (Fig. 3-5.) 

455— Speed socket wrench, 0.318"—used on 
afterbody joint screws. 

456— Speed socket wrench, 0.225"—used on 
gyro door screws. 

457— Speed socket wrench, female, 7/16" 
hex—used on turbine bulkhead nuts. (Fig. 3-5.) 

459—Socket wrench, 1/4"—used on nozzle 
valve bonnet. 

461— Box wrench, 0.877" hex—used on dia- 
phragm piate nut. (Fig. 3-6.) 

462— Grease gun—used in packing the shaft 
bearing tail. 

463— Wrench—used to remove gyro bottom 
bearing holder. 

464— 464A—Spanner wrench—used on side 
gear follower for bearing. 

465— Split bushing—used to remove side gear 
ball race, etc. 

465A—Extension—used with tool No. 465. 

466— Socket wrench, 5/8" hex-used on 
nozzle plugs. 

467— Gear puller—used on restriction valve 
stem gear. 

468— Guide block—used as a guide for tool 
No. 183. (Fig. 3-6.) 

469— Assembly strap tool—used in assem¬ 
bling the thrust bearing. 

470— Spanner tool—used on sinking attach- 
ment. 

471— Split bushing—used in removing the 
side gear. 


33 


Digitized by ^.ooQle 




TORPEDOMAN’S MATE 3 & 2 



Digitized by 


Google 



























Digitized by v^.ooQle 


TORPEDOMAN'S MATE 3 & 2 


471A—Extension for tool No. 471. 

472—Special tool—used for'disengaging the 
depth index socket and spindle. 

472A—Special tool—used for disengaging the 
depth index socket and spindle. 

478— Socket wrench, 3/8" hex—used on ex¬ 
plodere. 

479— Capping tool—used ondummy detonator. 

481— Grease gun—used on grease plug in 
propeller shaft. (Fig. 3-6.) 

481A—Grease gun attachment—used with tool 
No. 481. (Fig. 3-6.) 

481B—Grease gun attachment—used on 
grease plug in tail and propeller. (Fig. 3-6.) 

482— Extracting tool—for extractingpacking. 
(Fig. 3-6.) 

483— Locating pin—used for locating gyro 
side bearing washer. (Fig. 3-6.) 

486— Open-end wrench, 5/32"—used on gyro 
mechanism top piate lock. 

487— 487A—Box wrench, 11/16" and 13/16" 
hex—used on oil pump reservoir bolt and valve 
body. 

488— Feeler gage—general use. 

489— Pocket level—general use. 

490— Finger die, 1/4” x 20-thread—used on 
hand hole and bulkhead studs, etc. 

491— Bearing cap prying tool—used on main 
engine bearing caps. 

492— Paralie 1 bars (adjustable)—used for 
measuring the distance from the forward bear¬ 
ing to the second turbine. 

493— Oil filling plug wrench—used on main 
engine oil plug. 

494— Lifting screw—used with tool No. 493. 

495— Socket wrench, 3/4" hex—used on bear¬ 
ing cap in main engine. 

496— Box and open-end wrench, 7/16 " hex— 
used on main engine casing. 

497— Guide pin—used in installing exploder 
in warhead. 

498— Bearing puller—used on turbine spindle 
bearing. 

499— Spanner wrench—used on torpedo head- 
light base piate. 

500— Box and open-end wrench, 1/2" hex— 
used on main engine casing. 

501— Socket wrench—used on main air con- 
nection. 

502— Special tool—used on main air con- 
nection packing. 

503— Wrench, 1 5/8"—used onreducing valve. 


504—Lifting screw—used on Navol check 
valve. 

127W—Face spanner wrench—used on relief 
valves and drain plugs, etc. 

154W—Hexagonal bar, 1.250 —used on after 
propeller nut. 

157W—Propeller puller—to pull propellers 
from propeller shaft. 

158W—Box wrench, 1.781" hex—used on for¬ 
ward propeller nut. 

230W—Filling syringe—for electric storage 
batteries. 

233W—Hydrometer—for testing electrolyte 
in storage batteries. 

269W— Face spanner wrench—used on stop 
valve spindle plug. 

273W—Gear puller—used on storage 

batteries. 

277W— Pin wrench, 0.141"—used for adjust- 
ing and tightening steering rods. 

286W—Face spanner wrench—used on trip- 
ping cam plug and starting gear. 

601W—Allen wrench, 1/ 4"—for adjusting re- 
ducing valve. 

627W—Box wrench—used on reducing valve 
bonnet. 

727W—Double-end wrench—used on rudder 
rod turn-buckle. 

804W—Ventilating accessory nipple—usedon 

battery compartment. 

825W—Socket wrench, male, 5/8" square— 
used on air blowout pipe plug. 

MF 1—Grease gun—used on exploder mech¬ 
anism. 

MF 1 A—Grease adapter—used with MF 1. 

MF 2—Lifting screw, 3/8" x 20-thread— 
used on exploder mechanism. 

MF 3—Pin—used on exploder mechanism. 

MF 4—Spanner wrench—used on exploder 
mechanism. 

MF 5—Lifting screw—used on exploder core 
rod. 

MF 6—Hook spanner—used in exploder 
mechanism. 

MF 7—Impelle r te st tool—used in exploder 
mechanism. 

MF 8—Legs for base piate—usedon exploder 
mechanism. 

MF 15—Exploder mechanism test fixture. 
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Insert the numbers, names, and uses, ofnew 
tools issued in the space provided below. 


You have just completed a list of tools for 
air-steam torpedoes. Some of these tools can 
be used interchangeably on all air-steam tor¬ 
pedoes. Each advanced underseas weapon has 
its own peculiarities, making a general dis- 
cussion of the torpedoes difficult. There are, 
however, certain tools and equipments that can 
be used on all torpedoes and some for the ad¬ 
vanced underseas weapons that can be used on 
all advanced underseas weapons. But, since most 
of these advanced underseas torpedoes are clas- 
sified Confidential, we shall not discuss the tools 


that were designed especially for them. You 
can find complete discussions, descriptions, and 
illustrations in the OP's for each weapon. Re- 
member, never attempt to do work on any tor¬ 
pedo without first Consulting the appropriate OP 
for that particular weapon. 

WORKSHOP EOUIPMENT TOOLS 

Workshop equipment tools are furnished to 
tenders and bases for use in fitting torpedo 
parts during overhaul. Like the torpedo tools, 
all workshop equipment tools are numbered. 
Each number is preceded by the letters WE 
(workship equipment). The tools include meas- 
uring instruments for checking clearances and 
adjustments, such as feeler gages, plug gages, 
straightedges and scales, micrometer calipers, 
and micrometer depth gages. 

This group also includes special taps and 
dies for renewing damaged threads, lapping 
tools, reseating and refacing tools for re¬ 
newing scratched or scarred surfaces, various 
clamping fixtures for handling the parts you're 
going to work on, and various guides to ensure 
proper alignment of the resurfacing tools. 

Figure 3-7 shows two types of male laps. 
Figure 3-8 shows two types of femalelaps. Be- 
fore undertaking any lapping operation, bear in 
mind that the torpedo was issued from the tor¬ 
pedo station with all parts fitted. Therefore, 
it is necessary to lap only the new parts which 
are to be installed. 



TAPERED STEEL HOLDER 


4.14 


Figure 3-7.—Two types of male laps. 
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4.15 

Figure 3-8.—Two types of female laps. 

Here is how you use the laps. Let’s say that 
you’re overhauling an assembly that consists 
of a piston and cylinder, or a rod and bushing. 
Let’s say that the female part—the cylinder or 
bushing—is in good condition. And let's say 
that you're going to fit a new male part—a new 
rod or piston. 

Your first step is to check the female part 
for burrs or scratches. If you findany, remove 
them by lapping lightly with the male lap and a 
thin film of lapping compound. Then cie an both 
parts thoroughly. Turn the adjusting screws of 
the male lap until it fits the female part exactly. 
Then meausre its diameter with a micrometer 
caliper. 

Select a new male part—the rod or piston— 
from stock. Measure its diameter. If ifsmore 
than 0.0025 inch oversize, turn it down on a 
lathe to 0.0015 inch oversize. Then apply a 
small amount of lapping compound and insert 
the part in the female lap. Tighten the adjust¬ 
ing screws. Remove the part frequently to 
measure its diameter. Continue lapping until 
it's an exact fit. 


STEEL RULE 

Steel rules (fig. 3-9) measure lengths and 
diameters. They come in 6-inch, 12-inch, and 


longer lengths. Each of the four edges isdivided 
into different fractions of an inch: One is marked 
in eighths of an inch, one in sixteenths, one in 
thirty-seconds, and one in sixty-fourths. Use 
the scale that gives you the accuracy that you 
want. Sometimes, if your scale is in good 
condition, you can use your steel rule as a 
straightedge to find out if a surface is true or 
whether a shaft is straight. 


8 THS. 




4.16 


Figure 3-9.—Steel rule. 


CALIPERS 

When you can't conveniently make a measure- 
ment with your scale, use a pair of CALIPERS. 
Figure 3-10 shows the two principal kinds of 
calipers, and shows you how to use them. 




INSIDE CALIPERS 


4.17 


Figure 3-10.—Calipers. 
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Calipers cannot conveniently makemeasure- 
ments directly. Set them to fit the piece yoiPre 
measuring, and then measure the calipers with 
your Steel rule. You’11 need careful practice 
before you can make accurate measurements. 
Beginners usually set outside calipers too large, 
and inside calipers too small. Make a special 
effort to avoid these errors. 

DIVIDE RS 

Use dividers, like those in figure 3-11, for 
drawing circles on ametal surface, or fortrans- 
ferring measurements from the Steel scale to the 
work. Note that the 3” setting is being taken 
from inside markings of the rule. This reduces 
the chance of error as each pointof the dividers 
can be set on a graduation. 




Figure 3-11.—Setting dividers. 

FEELER GAGE 

The feeler gage, sometimes calledthe thick- 
ness gage, is used for measuring clearances. 
It consists of a form and a number of blades. 
See figure 3-12. The thickness of the blades 
usually ranges from 0.001 inch to 0.025 inch. 
Each blade has the thickness stamped on it. 
And by using combinations of two or more blades, 
you can measure any gap or cie aranee up to the 
total thickness of the blades. 

If the blades are bent, you can't use them for 
an accurate measurement. When you are 
measuring to a thousandth of an inch, you can’t 
afford to have a thousandth of an inch of dirt 
or rust on the blades. 


MICROMETER CALIPER 

Figure 3-13 shows a micrometer caliper or 
“mUce.” Use it for extremely accurate meas¬ 
urements of outside diameters, thickness, and 
measurements taken by inside calipers. 



4.20 


Figure 3-13.—A. Micrometer caliper; 
B. Reading the micrometer. 
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The mike is a delicate instrument. Don't 
for ce the spindle against the object you want to 
measure—just bring it up to make a fit. Some 
mikes, like the one in figure 3-13, A, have a 
FRICTION SLIP at the end ofthe thimble. If you 
use the friction slip to move the spindle, there's 
no danger of using too much for ce. The friction 
slip will slip when the spindle is tight enough 
against the piece you're measuring. Figure 
3-13, B shows how to hold the mike both for 
taking measurements and for reading it. Basic 
Hand Tool Skills, NavPers 10085, gives you com¬ 
plete coverage on how to read the mike. 

MICROMETER DEPTH GAGE 

The micrometer depth gage is used in accu¬ 
rate determination of depth, as in the case of 
assembling the nozzle and its gasket over the 
turbine wheels. The instrument (fig. 3-14) 
comes with three different depth rods, making 
it possible to measure depths from zero to one 
inch, one inch to two inches, or two inches to 
three inches. 


Workshop equipments also include any num- 
ber of hand tools for general use, special taps 
and dies for renewing damaged threads, re- 
seating and refacing tools for renewing scratched 
or scarred surfaces, and various clamping fix- 
tures to ensure proper alignment of the resur- 
facing tools. 

ADJUSTING AND TESTING EOUIPMENT 

This group includes te st stands for various 
parts of the torpedo. It includes test panels, 
test sets, and gages for testing the alignment 
and adjustment of various torpedo assemblies, 
and for making leakage tests of the exercise 
head and afterbody. 

TEST PANEL 

Figure 3-15 shows a test panel. This test 
panel can be used for testing pipe lines, valve 
bodies, air release mechanisms, and other parts 
of the torpedo air system. You can set it up to 
deliver either high- or low-pressure air. 



ADJUSTING WRENCH 


DEPTH RODS 


3-14.—Micrometer depth gage. 
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FITTINGS i 


HIGH 

PRESSURE 
AIR SUPPLY 


Figure 3-15.—Test panel. 


TEST SET 

A test set (fig. 3-16) is issued in the place 
of a test panel to destroyers and other units 
and activities which require a mobile testing 
unit. In addition to the regular test panel tests, 
the test set may also be used to gage the air 
pressure of the flask. 

There are separate test equipments for jobs 
such as testing the main engine, check valve, 
starting lever, reducing valve, control valve, 
oil pump, etc. All of this equipment is ex- 
plained in OP 1217. 

Adjusting and testing equipments for ad- 
vanced underseas weapons are different from 
those for air-steam torpedoes. There are 
special electric and electronics test setspecul- 
iar to each weapon. And there are some equip¬ 
ments that are common to all advanced underseas 
weapons. This group includes such instruments 
as oscilloscopes, meters, vacuum tube volt- 
meters, battery chargers, battery discharging 
outfits, exploder testing equipment, strobo- 


scopes and power supplies. Most of these 
equipments are discussed in chapter 10 of this 
course. But for complete coverage, read Basig 
Electricity, NavPers 10086, Basic Electronics , 
NavPers 10087, and the OP’s for each weapon. 

HANDLING GEAR 

This group includes the hoisting strap (fig. 
3-17), the torpedo truck for moving torpedoes 
from one part of the shop to another (fig. 3-18), 
resting chocks for temporary stowage of tor¬ 
pedoes (fig. 3-19), and overhauling stands for 
holding each of the main sections of the tor¬ 
pedo during overhaul. These equipments were 
designed for the air-steam torpedoes, but have 
also found some use with the advanced under¬ 
seas weapons. 

Another useful tool of this group is the tor¬ 
pedo sluing tool (fig. 3-20). This tool is used 
for rotating torpedoes on a truck or on chocks 
without the use of force on the tailblades. 

BENCH TOOLS 

This group of tools includes bench equipment 
for general use in the torpedo overhaul shop, 
such as a lapping and polishing machine, bench 
drill press, arbor press, bench grinder and 
lathe. 

LAPPING AND POLISHING MACHINE 

The lapping and polishing machine (fig. 3-21) 
is used for lapping and polishing gyro wheel 
bearings. The speed of the polishing head is 
adjustable and chucks attached to the polishing 
head are threaded to hold the gyro wheel bearing. 

DRILL PRESS 

You use the arill press (fig. 3-22) for gen¬ 
eral drilling operation. By changing the position 
of the driving belt on the step pulleys you can 
obtain four speeds. And the distance between the 
drill chuck and the tables may be varied by 
moving either the tables or the drilling head. 

ARBOR PRESS 

The arbor press (fig. 3-23) is for general 
use in the torpedo overhaul shop, and for use 
with some of your numbered tools for removing 
and replacing gears and ball races from their 
spindles and shafts. 
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ADJUSTING SCREW HIGH PRESSURE AIR OUTLET NIPPLE 


HIGH PRESSURE GAGE 


VALVE STEM HANDIE 


VALVE BODY 



BLEEDER 


ADAPTER 

(TO CHARGING VALVE) 


VALVE STEM (UNSEATS CHARGING CHECK VALVE) 


Figure 3-16.—Test set (charging valve type). 


4.23 



Figure 3-17. — Hoisting strap. 4 . 24 


BENCH GRINDER 

You use the bench grinder (fig. 3-24) for 
sharpening cutting tools and general grinding 
and cleaning operations. Three different types 
of wheels come with the grinder—a coarse-grain 
wheel, a fine-grain wheel, and a wire-brush 
wheel. 


LATHE 

The lathe (fig. 3-25) is easily the most 
versatile tool in the torpedo overhaul shop. You 
can use it for turning, boring, facing and screw 
cutting, drilling, reaming, knurling, grinding, 
spinning, and even spring winding. You can also 
use it for reclaiming the various gear train 
bearings, and for facing off the washer under 
the top bearing holder in the gyro pot. 

Effective use of the lathe is a complicated 
skill. You might be able to learnitfrom a book, 
but the book would have to be thicker than this 
one. However, you may begin by studying the 
training manual MachinisVs Mate l&C ,NavPers 
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Figure 3-18. —Torpedo truck. 




4.28 

Figure 3-21. —Lapping and polishing machine. 

10525. Then read the instruction manual that 
comes with the lathe. Finally, ask an experi- 
enced machinist to help you with your first lathe 
work. (Don’t try it by yourself. Any machine 
that cuts Steel quickly could cut you even quicker. 
An experienced machinist can Show you how to 
use the lathe safely.) 

MEASURING INSTRUMENTS 


4 . 2 « 

Figure 3-19. —Resting chocks. 



4.27 

Figure 3-20.—Use of torpedo sluing tool. 


Anyone who works in a torpedo repair shop 
must know how to make accurate measurements, 
and how to read them correctly. Many of these 
measuring tools that BuWeps has issued have 
already been listed with some of the other groups. 
This group includes all the measuring instru- 
ments not listed in those groups. Examples are 
the beam scale, spring balance, surface piate, 
surface gage, dial indicator, vernier caliper, 
combination square and level sets, and any other 
tool used for making measurements. 

HANDTOOLS 

This group includes those tools issued for 
torpedo overhaul and assembly work other than 
those listed as torpedo tools or workshop equip- 
ment tools. It includes such useful tools as 
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hammers and mallets, pliers, punches, vises, 
wrenches, screwdrivers, hacksaws, chisels, and 
files. All of these tools are covered in Basic 
Hand Tool Skills, NavPers 10085. 

DRILLS AND TAPS 

This group of tools includes all the drills, 
taps, and dies used in the torpedo overhaul 
shop. 

Drills may be one of three types—breast, 
hand, or electric hand. Figure 3-26 shows the 
breast type; figure 3-27 shows the hand type; 
and figure 3-28 shows the electric hand type. 
The electric hand type drill has an a-c, single- 
speed motor, and is equipped with a trigger 



FEED LEVER 


BASE 


COLUMN 


MOTOR 
1-3 H.P. 
1725 R.P 


M. 


6UARD 


QUILL 
POINTER 


LOCK 


INDEX PIN 


LOWER 

TABLE 


KEYLESS CHUCK 


TABLE 


switch. A chuck wrench and extra motor brushes 
are issued with this drill. 

To drill a hole, select the twist drill of the 
size required and secure it in the chuck of your 
drill. The drills are issued in sets. The set 
labeled No. 1 to No. 60 consists of 60 different 
drills ranging in size from 0.228 inch in dia¬ 
meter down to 0.040 inch in diameter. Figure 
3-29 shows such a set. 



4.30 

Figure 3-23.—Using the arbor press. 



4.31 


Figure 3-22.—Drill press. 


Figure 3-24,—Bench grinder; mounting a wheel. 
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Parts: 

HEADSTOCK 

A-CHANGE SPEED LEVERS 

B-FACEPLATE 

C-LIVE CENTER 


CARRIAGE TAILSTOCK G-DEAD CENTER 

D-HANDWHEEL FOR LONGITUDINAL CARRIAGE TRAVEL 
E-LEVER FOR POWER LONGITUDINAL CARRIAGE TRAVEL 
F-LEVER FOR POWER CROSSFEED CLUTCH 


Figure 3-25. — Precision lathe. 



Figure 3-26.—Breast drill. 4 J3 Figure 3-27. —Hand drill. a.u 
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Figure 3-28.—Electric hand drill. 435 


SCREW EXTRACTORS 

You use screw extractors to extract studs 
or screws from the parts in which they have 
been broken, or where the headshavebeendam- 
aged to the extent that a screwdriver or wrench 
cannot be used. The screw extractors (fig. 3-30) 
are issued in sets of six pieces in graduated 
sizes. To remove a broken screw or stud, 
first drill a hole of proper size in the screw or 
stud. The size hole required for each screw 
extractor is stamped on it. The screw ex¬ 
tractor is then inserted in the hole, and turned 
counterclockwise by means of a tap wrench 
to remove the broken screw or stud. 

TAPS AND DIES 

A complete set of taps and dies along with 
the necessary tap wrenches and die stocks are 
issued for ali threaded parts of the torpedo. 
A tap and die box is also issued to provide 
suitable storage space for these tools. 



4.36 

Figure 3-29.—Twist drills (Sizes No. 1 to 
No. 60). 



Figure 3-30.—Screw extractors. 4.37 

AIR PRESSURE FITTINGS 

This group includes all the pipes, fittings, 
valves, and reducing valves necessary for 
installing the various testing outfits in the tor¬ 
pedo overhaul shop. 
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Chapter 3-TORPEDO TOOLS AND WORKSHOP EQUIPMENT 


MISCELLANEOUS 

The miscellaneous torpedo overhaul equip- 
ment includes oil stones, silver solder, oxyacet- 
ylene outfit, blow torch, portable grease gun, 
battery chargers, electric glue pot, electric 
soldering irons, etc. This group also includes 
dummy warheads, instructional exploder mech- 
anisms, dummy boosters, and dummy 
detonators. 


REFERENCES 

Basic Hand Tool Skills, NavPers 10085 

Electronic Technician 3, NavPers 10188-A, 
chapter 4 

Blueprint Reading and Sketching, NavPers 
10077-A 

Machinisfs Mate l&C, NavPers 10525 


QUIZ 


1. Give four important rules for the care and 
use of your torpedo tools, as given in this 
chapter. 

2. How do you know which tool to use for a 
given job? 

3. Why must you use each tool ONL.Y for the 
job it was designed for? 


4. What three rules should you follow to make 
sure that each tool will be available when 
you need it? 

5. Where can you find information about tools 
and equipment designed for the ad vane ed 
underseas weapons? 

6. Look at the tools pictured in figure 3-1 
through 3-6. See how many of them you can 
identify by name and use. 
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CHAPTER 4 


MIUTARY EXPLOSIVES 


One of the most important developments in 
the history of ordnance is the development of 
explosives. Explosives have grown from the 
weak and unstable gunpowder of Roger Bacon to 
the highly specialized explosives of today. This 
chapter will give you a brief history and dis- 
cussion of the characteristics, use, andhandling 
of Chemical explosives currently used in the 
United States Navy. We believethatwhenyou've 
learned the characteristics of the principal 
military explosives and something about how they 
work, you’11 handle them more skillfully and 
more carefully. 

To a large extent, naval ordnance is the Sci¬ 
ence of delivering quantities of explosives to the 
enemy and making them explode where they'11 
do the most damage. As a Torpedoman’s Mate, 
it will be your duty in time of war to send tor- 
pedoes out to damage an enemy’s ship or sub- 
marine. 

You may already have had experience with 
explosives. You've probably handled explosive 
warheads, and helped to install them on 
torpedoes. You’ve probably helped a First Class 
or Chief Torpedoman’s Mate install the exploder 
in a warhead. If you have been on a destroyer, 
you may have used anexplosive—blackpowder— 
to fire a torpedo from its tube. And if you’ve 
served aboard a submarine, you’ve slept between 
masses of high explosive in the warheads of 
racked torpedoes. 

DEFINITION 

In a general, nonmilitary sense, an explosion 
is anything that goes BANG. It is caused by the 
sudden expansion of gas, accompanied by noise. 
For example, when you blow up a paper bag and 
then smack it with your hand, you compress the 
air in the bag until the bagbreaks. Then the air 
expands again, and you have a small explosion. 

And in the nonmilitary sense, a mixture of 
two gases can sometimes explode. Hydrogen 
and air can form an explosive mixture. When 


you ignite this mixture the reaction gives off gas 
and heat, and the heat makes the gas expand. 
(Torpedoes using lead-acid batteries for pro- 
pulsion release hydrogen inside their battery 
compartments. You’ll have to take special pre- 
cautions to prevent an accident.) 

Your car runs by BURNING a mixture of 
gasoline vapor and air. But, under some con- 
ditions, this mixture will EXPLODE in the 
cylinder of your car. If you use a cheap gas, 
the mixture will start to burn in the cylinder 
when the spark plug ignites it. But as the mix¬ 
ture burns, the pressure inside the cylinder 
rises. And when the pressure reaches a certain 
point, the rest of the mixture explodes, making 
the motor “knock." 

What’s the difference between buming and 
exploding? Both release energy. But the dif¬ 
ference depends on the SPEED at which they 
release that energy. A pound of coal has a lot 
more energy than a pound of TNT. But a tor¬ 
pedo warhead filled with coal would be a dud. 
The coal can’t release its energy fast enough 
to cause -an explosion. 

Sometimes, however, coal dust (or anyother 
dust that can burn) can explode if it’s suspended 
in the air. Maybe you’ve read about a dust ex¬ 
plosion in a coal mine, aflourmill,or a thresh- 
ing machine. 

None of the examples we've given are mili- 
tary explosives. What, then is a military 
explosive? Many explosives have been studied 
for possible suitability for military use. But 
only a few of them can meet the requirements. 
Some desirable properties of a military ex¬ 
plosive are as follows: 

1. Relative insensitivity to shock or fric- 
tion; not liable to detonation by small arms fire. 

2. Proper detonating velocity for intended 
purposes. 

3. High power per unit of weight. 

4. High density (weight per unit of volume). 

5. Sufficient stability to retain usefulness 
for a reasonable time in any climate. 
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6 . Positive detonation by easily prepared 
primers. 

7. Suitability for underwater use. 

8 . Convenient size and shape to facilitate 
packaging, shipping, and handling. 

Now let’s take a quick look at the history 
of explosives. 

For many centuries black powder was the 
only known explosive. It was in the 13th century 
that Roger Bacon described black powder, which 
until that time had been used for pyrotechnic, 
incendiary, and demolition effects only. In the 
14th century Berthold Schwarz invented a gun 
and used black powder to propel stones from it. 
This may be considered the real beginning of 
the history of military explosives. In spite of 
other developments, black powder remained a 
major military explosive throughout the 19th 
century. 

Modem history of explosives began in 1838 
when Pelouze prepared nitrocellulose bynitrat- 
ing paper. But it was not until 1845 that Pro¬ 
fessor C. F. Schoenbein, a German chemist, 
discovered guncotton. He found that nitrated 
cotton burns quietly in the open, but when con- 
fined in a small space, it can explode violently. 
(Guncotton was one of the first high explosives 
to be used in torpedo warheads.) 

Shortly after Professor Schoenbein's dis- 
covery, Sobrero, an Italian chemist, experi- 
mented with nitroglycerin. He found that even 
a small shock or jar would make it explode. 
Because of its sensitivity, the re was little com- 
mercial use for nitroglycerin, and no military 
use at ali. 

But in 1866, Alfred Nobel of Sweden found 
that he could make nitroglycerin safe to handle 
by soaking it up in Kieselguhr—a porous kind 
of earth. He called the mixture dynamite. 
Today there are many kinds of dynamite, but 
they all contain nitroglycerin soaked up insome 
porous substance. Dynamite, though it has little 
military use, is the most important of all com- 
mercial explosives. 

Black powder had many disadvantages as a 
missile propellant. For one thing, it made 
big blobs of black smoke that blocked the 
gunner's view of his target, and interfered with 
his aim for the next shot. For another, it 
fouled the gun barrel with unburned particles 
and glowing coals, which made reloading dan- 
gerous. 


So, as chemistry became a Science, chemists 
began trying to make a smokeless powder that 
wouldn’t foul the gun bore. The Prussianswere 
the first to succeed. Around 1865, they made a 
smokeless powder by treating sawdust with 
nitric acid, thenmixing it with potassium nitrate. 
This mixture worked fine in shotguns, but it 
was much too powerful for rifles. A few years 
later, the Prussians found that they could make 
a low-explosive smokeless powder by treating 
their nitrated sawdust with ether and alcohol, 
making a sort of jelly. 

About 1884, the French produced the first 
practical military smokeless powder. They 
called it poudre B. It consisted of nitrated 
cotton, gelatinized and mixed with paraffin or 
Vaseline. 

In 1887, Nobel invented ballistite—a double- 
base smokeless powder made of nitrated cotton 
and nitroglycerin. In the same year, the British 
began producing cordite. Cordite has the same 
ingredients as ballistite, with Vaseline added. 

Pierie acid was probably the first high 
explosive to be used extensively as a bursting 
charge. It was discovered in 1771. But for 
over a hundred years it was used only as a 
yellow dye, before somebody found that it was 
a high explosive. Pierie acid was a favorite 
bursting charge of the Japanese in World War 
n. The American forces used a related com- 
pound— ammonium picrate, better known as 
Explosive D. 

Prior to World War H, all torpedoes, depth 
charges, and depth bombs were loaded with TNT. 
A larger explosive force was desired and 
torpex was used as it is far more powerful 
than TNT. Torpex proved to be unstable and 
was replaced by HBX which is the explosive we 
now use in torpedo warheads. The need for 
powerful blast effect ledtofurther developments 
of such explosives as trltonal and minol. 

The expanding techniques of mode rn war fare 
lead more and moretospecializedrequirements 
for explosives. Future developments may be 
chiefly mixture s of currently known explosives 
with other materials. But in some cases, the 
requirements can be satisfied only by new and 
more powerful explosives, which are presently 
being sought. 
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CHEMICAL NATURE OF AN EXPLOSION 

The Chemical reaction that takes place dur- 
ing an explosion can be either of two types, de- 
pending on the nature of the explosive. 

Black powder, for example, explodes by 
oxidation. As you’ve probably heard, it’s a 
mixture of potassium nitrate, charcoal, and 
sulfur. All three are solids. To produce an 
explosion, you apply heat to the mixture. What 
happens? At the point where you apply heat, 
the potassium nitrate (KNO 3 ) gives up its nitro- 
gen and part of its oxygen. The sulfur and char¬ 
coal combine with oxygen to form sulfur dioxide, 
carbon dioxide, and carbon monoxide. All three 
of these are gases. 

In burning, the sulfur and oxygen release heat 
that does two things. First, it increases the 
pressure of the gases. Second, it spreads the 
reaction to ali the nearby particles of powder. 
The reaction continues through the mixture, at 
the rate of several hundred feet a second, until 
all the powder has burned. 

Other explosives, such as TNT and nitro- 
glycerin, have a different reaction. Each is a 
Chemical compound, rather than a mixture. 
But the mole cules of the compound are highly 
unstable. You might say there’s a "tension” 
inside them. You start an explosion by applying 
a shock or a Sharp jolt, rather than heat. 

When it gets jolted, the unstable molecule 
flies apart, releasing energy in the form of heat. 
It usually releases two gases—nitrogen and 
nitrous oxide. It may also release oxygen, which 
combines with hydrogen and carbon in the mole¬ 
cule to form gases. The heat notonly increases 
the pressure of the gases, but converts all the 
other products of the reaction into gas. The 
sudden release of energy applies a jolt to all 
the nearby molecules, so that the reaction 
travels through the whole mass of explosive. 
(In TNT and other high explosives, the reaction 
travels through the mass at a speed of several 
MILES a second.) 

CLASSIFICATION OF MIUTARY 
EXPLOSIVES 

We can classify military explosives by their 
composition, the nature of their reaction, their 
sensitivity, the way we initiate the reaction, 
and by the way we use them in Service. 


COMPOSITION 

By composition, we can further divide mili¬ 
tary explosives into two groups—explosive 
MIXTURES and explosive COMPOUNDS. 

An explosive mixture always includes asub- 
stance that can burn (such as carbon or sulfur) 
and a substance that can supply the oxygen for 
burning (such as a nitrate or a chlorate). We 
can change the characteristics of the explosive, 
within limits, by changing the proportion of its 
ingredients. The most familiar example of an 
explosive mixture is black powder. 

An explosive compound has a fixed Chemical 
composition. So we can’t change its character¬ 
istics by changing the proportion of ingredients. 
(But both the degree of purity and the size of 
the particles affect its explosive charac¬ 
teristics.) 

To make these explosive compounds, the 
manufacturer usually starts with a hydro- 
carbon—an organic compound of hydrogen and 
carbon. He then makes the molecules unstable 
by a process called NITRATION, which adds 
-NO 2 or -O-NO 2 groups to various parts of the 
molecules. (We’ll describe the nitration proc¬ 
ess later in this chapter.) Familiar examples of 
explosive compounds are TNT, cellulose nitrate 
(used in making smokeless powder), ammonium 
picrate, and tetryl. 

(There are some explosives that won't fit in 
either of the above classes. For example, 
dynamite is a mixture of nitroglycerin and some 
absorbent substance such as sawdust. Ballistite 
(used as a rocket propellant) is a mixture of 
nitroglycerin and cellulose nitrate.)) 

NATURE OF THE REACTION 

We can divide military explosives into LOW 
and HIGH explosives, according to the speed at 
which the reaction takes place. 

In a low explosive, the change to gas is 
comparatively slow; actually, it's fast burning. 
We call this reaction DEFLAGRATION. In this 
reaction, the particles burn in rapid succession. 
The heat from one burning particle ignites the 
unburned particles next to it, and so on until 
all the explosive has burned. Black powder, 
smokeless powder, and ballistite are all low 
explosives. 

When you set off a high explosive, the first 
particles to explode send a shock wave through 
the whole mass of explosive, and the change 
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METHOD OF INITIATING THE EXPLOSION 

The two most common ways to initiate an 
explosion are by HEAT and by SHOCK. 

We use heat to initiate the low explosives 
used for propellants and impulse charges. In 
guns, torpedo tubes, and depth charge projectors, 
the flash of flame from a primer provides the 
heat. Only the most sensitive of high explosives 
can be reliably detonated by heat alone. To 
initiate the high-explosive charges of projec- 
tiles, torpedoes, and depth charges, we apply 
a strong, sudden shock. To provide the shock, 
we use a smaller charge of a more sensitive 
high explosive, either in contact with the main 
charge or very near it. The smaller charge 
can be detonated by heat, or by the shock of 
a firing pin. 

A third way to initiate an explosion is by 
INFLUENCE. You can sometimes detonate a 
charge of a high explosive by exploding another 
charge near it. In that case, we say that the 
second charge explodes by SYMPATHETIC det- 
onation. (But it is the shock provided by the 
first explosion that causes the second one.) 

The distance at which an influence explosion 
can occur depends on several things: First, the 
amount and brisance of the first explosive; 
second, the sensitivity of the second explosive; 
and third, the materlal that lies between the 
two charges. For example, the shock wave will 
travel a considerable distance through Steel, a 
shorter distance through water, and not far 
at all through air. 

SERVICE USE OF EXPLOSIVES 

By their use in Service, military explosives 
can be divided into four classes: 

1. Propellants and impulse explosives 

2. Disrupting explosives 

3. Initiating explosives 

4. Auxiliary explosives 

We use propellants and impulse explosives 
when we want a steady PUSH. For example, 
when we fire a projectile from a gun we want a 
pushing force. We want this force to continue as 
long as the projectile is in thebore, so we use a 
LOW explosive—smokeless powder. For the 
impulse charge in torpedo tubes and depth charge 
projectors, we use black powder, another low 
explosive. 


We use a disrupting explosive when we want 
a shattering effect. When we fire a projectile 
at an enemy aircraft, we aren’t trying for a 
push. We want the projectile to shatter into 
fragments. And when we send a torpedo against 
an enemy ship, we’re not trying to push the 
ship. We’re trying to blow a hole in it. So we 
use a disrupting explosive. 

High explosives such as TNT, RDX, andHBX 
are all disrupting explosives. 

We must choose explosives carefully, so 
that each will do the job we want it to do. Both 
a low and a high explosive mayrelease the same 
amount of energy, but there is a difference in 
how fast they release it. Here is an example of 
what we’re talking about. Suppose your car is 
stalled with a dead battery, and you ask your 
friend for a push. What you need is a steady 
push, applied over a distance of 20 or 30 yards, 
so that you can accelerate to starting speed. 
Your friend could apply the same amount of 
energy to your car by crashing into the back of 
it at 50 miles an hour, but that wouldn’t help 
you get started. 

For this same reason, you wouldn’t use TNT 
for an impulse charge in a torpedo tube. H you 
did, it would crUsh the torpedo afterbody, and 
blow the barrel of the torpedo tube to bits. 
You’d think twice before you tried it again, if 
you were stili alive. 

As we explained earlier, you must apply 
energy to make a charge explode. For that 
purpose we use an initiating explosive. To 
ignite a propellant, we need a flame. To det¬ 
onate a disrupting charge, we need a shock. 
We often use fulminate of mercury as an initi¬ 
ator for both propellants and disrupting charges, 
because it produces both a shock and a flame. 

We use a PRIMER to ignite a propellant. A 
common primer is a small Container that holds 
a pellet of fulminate of mercury and a small 
charge of black powder. When you fire it, it 
produces a long spear of flame that ignites the 
propellant. 

We use a DETONATOR to set off a high 
explosive charge. The detonator usually con- 
tains a charge of lead azide or fulminate of 
mercury, either alone orcombined with granular 
TNT or tetryl. When it's fired, it provides the 
shock that detonates the main charge. 


52 


Digitized by v^ooQle 




Chapter 4—MIUTARY EXPL06IVES 


With a big charge of propellant explosive, 
or with relatively insensitive high explosives 
such as TNT, we need an auxiliary explosive 
between the initiator and the main charge. The 
auxiliary explosive provides enough heat or 
shock to make sure the main charge goes off 
properly. The intermediate charge we use with 
propellants is called an IGNITION CHARGE. It 
consists of granular black powder. With high 
explosives, the intermediate charge is called 
a BOOSTER. It consists of a moderately sen¬ 
sitive high explosive, such as granular TNT or 
tetryl. Figure 4-1 shows the explosive chain 
in a typical warhead. 

CHARACTERISTICS OF MILITARY 
EXPLOSIVES 

Here are some of the most common military 
explosives, and some of their characteristics. 
Many of them you will actually handle, either 
as impulse charges or in the warhead, booster, 
or detonator of torpedoes. We’ve included a 
few others in the list, just to give you some 
background Information on other explosives the 
Navy uses. The list is in alphabetical order, 
so you can use it for future reference. 

AMATOL is a high explosive, made bymixing 
TNT and ammonium nitrate in various propor¬ 
tione. The Navy has used it from time to time 
as a bursting charge for projectiles. A 50-50 
mixture is just as powerful as TNT, and it’s 
cheaper. Its chief disadvantage as a projectile 
filler is that it makes practically no smoke. 
A TNT explosion produces a cloud of black 
smoke, which makes spotting easy. Inwartime, 
if there were a shortageof other high explosives, 
the Navy could use amatol as the main charge in 
torpedo warheads. 

AMMONIUM NITRATE is a high explosive. 
The Navy has little use for it, except in making 
amatol. Ammonium nitrate is quite insensitive, 
yet it is a powerful explosive. It is used ex- 
tensively in making commercial dynamite. 

AMMONIUM PICRATE. (See Explosive D.) 

BALLISTITE is a low explosive mixture, of 
almost equal parts cellulose nitrate and nitro- 
glycerin. It was one of the first military smoke- 
less powder s, and at one time it was widely used 
as a propellant. But as a propellant, it causes 
serious erosion of the gun bore. The Navy no 
longer uses it, except as a rocket propellent. 
It is very use fui for that purpose, since it burns 


evenly and uniformly at the low pressures de- 
veloped.in a rocket motor. 

BLACK POWDER is a low explosive mixture 
that burns very fast when it's confined, even 
slightly. For many years black powder was the 
universal military explosive. It served not 
only as a propellant, but also as the bursting 
charge for projectiles and torpedo warheads. 

Black powder is now obsolete for both these 
uses. As a propellant it burns too fast, as a 
bursting charge, it burns too slowly. Figure 
4-2, A shows a profile of one of the old-time 
guns that used black powder. The breech end 
of the barrel has to be thick, to keep the sudden 
force of the explosion from breaking it. And 
the barrel had to be short; the gas from a black 
powder explosion can’t maintain its pressure 
for any great distance of projectile travel. 

Figure 4-2, B shows the profile of a newer 
gun. Since smokeless powder burns slower than 
black powder, the thick breech is no longer 
necessary. And the barrel is much longer. 

The Navy stili uses black powder for some 
purpose s. You can change the burning speed to 
some extent by changing the size of the grains. 
The bigger they are, the slower theyburn. 

At present, the Navy uses five different 
sizes of black powder grains. The largest ones 
are 6-sided grains with rounded ends. The next 
smaller size is called cannon powder. We use 
it as an ignition charge for turret-gun powder 
bags. We use the three smaller sizes either 
alone or combined with other explosives—as 
burster charges for special projectiles, in 
primers, and in fuze delay trains. 

If kept dry, black powder will remain stable 
almost forever. Moderately high temperatures 
don’t affect it. But black powder deteriorates 
when it’s damp. If you find an impulse charge 


Figure 4-2,—Gun-barrel profiles. (A) The 
old look; (B) The new look. 
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that’s damp or wet, consider it unserviceable. 
Don’t try to use it. 

When it’s exposed, black powder is probably 
the most dangerous explosive you'll find aboard 
a Navy ship. 

It's extremely sensitive to shock, friction, 
and sparks—including those too small to see. 
If spilled on the deck, you can ignite it by walk- 
ing on it. So, if you should spill any, you’11 have 
a dangerous situation. Wet the powder immedi- 
ately, scoop it up, and heave it overboard. Then 
wash the deck thoroughly. 

BLASTING GELATIN is a translucent, rub- 
bery substance. It has the same ingredients as 
ballistite, but in different proportions. It is 
about 93 percent nitroglycerin and 7 percent 
cellulose nitrate. Blasting gelatin is the most 
powerful of all the industrial explosives. It has 
no military use, except in special demolition 
jobs. 

CELLULOSE NITRATE, sometimes called 
nitro-cellulose, is the principal ingredient in 
smokeless powder. It is the basis of most gun 
and rocket propellents. 

Cellulose nitrate is manufactured by the 
mechanical dipper process, which hasdisplaced 
other more hazardous processes. In the mechan¬ 
ical dipper process, about 32 pounds of dried 
cotton linters or wood pulp cellulose is addedto 
a charge of about 1,500 pounds of mixed acid at 
a temperature of 30° C. During the nitration 
reaction, the temperature is not allowed to go 
above 34° C. 

The degree of nitration depends on the length 
of time you leave the cotton or pulp in the acid. 
The longer you soak it, the smaller the yield. 
If you leave it in too long, it will dissolve com- 
pletely. So the manufacturer always removes 
the cotton or pulp from the acid before it’s 
completely nitrated. The resuit is a mixture of 
various nitrates, rather than a single compound. 

Cellulose nitrate is usually designated by 
its percentage of nitrogen. Here are three 

commercial terms that refer to various degrees 
of nitration: 

Percent nitrogen 

Guncotton.13.0 or more 

Pyrocotton. .. 12.6 

Collodion cotton. 11.2 to 12.2 


The Navy uses pyrocotton in the manufacture 
of smokeless powder. Pyrocotton is chemically 
unstable when it contains acid. So, after nitra¬ 
tion, the manufacturer removes the acid in 
centrifugal wringers. Then he washes and boils 
the pyrocotton for more than 50 hours. 

COMPOSITION A, B, C, (See RDX.) 

CORDITE is a smokeless powder. It is the 
Standard British propellant. It is cheaper than 
our smokeless powder, and it has a more uniform 
action in the gun. But we don’t use it because 
it quickly wears away the gun bore. 

DYNAMITE is too sensitive for military use. 
We rarely use it even for demolition work, be¬ 
cause a stray rifle bullet couldmake it detonate. 

EXPLOSIVE D (ammonium picrate) comes in 
the formofredoryellowcrystals. It’s almost as 
powerful as TNT, but not nearly as sensitive. 
That makes it useful as a burster charge in 
armor-pierclng projectiles and armor-piercing 
bombs. (A projectile gets a very severe shock 
when it strikes armor piate. But, tobe effective, 
it must NOT detonate because of that shock. It 
must be detonated only by its fuze, after the 
projectile has penetrated the armor.) 

For a long time the composition of Explosive 
D was a secret. That is why we spoke of it in 
code, rather than by its right name. 

FULMINATE OF MERCURY (mercury ful¬ 
minate) is a yellowish-white crystalline powder. 
It's the most sensitive explosive in common 
Service. We can use it for only one purpose: 
to initiate the action of other explosives, either 
directly or through an auxiliary explosive. 

GUNCOTTON. (See CeUulose nitrate.) 

GUNPOWDER. (See Black powder.) 

HBX is one of the newest explosives inpres- 
ent use. It was developed during World War 
II. HBX is a powerful explosive with low sensi- 
tivity. It has replaced torpex in most underwater 
ordnance. Its exact composition is confidential. 

LEAD AZIDE is a crystalline powder. Its 
color varies from white to buff. Like fulminate 
of mercury, it is used only to initiate the action 
of other explosives. But it is more powerful 
than fulminate of mercury and less sensitive. 
For some uses it has replaced fulminate of 
mercury completely. 

MERCURY FULMINATE. (See Fulminate of 
mercury.) 

NITROCELLULOSE. (See Cellulose nitrate.) 

NITROGLYCERIN is a color less, oilyliquid, 
a little heavier than water. Its correct name 
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is glyceryl trinitrate, but that name is rarely 
used except in chemistry books. Nitroglycerin 
is simple to make. After you make it, it is 
quite easy to blow yourself to pieces, with it. 
Some experimenters say it takes a small jolt 
to detonate nitroglycerin; others say it takes 
only a dirty look. 

You can make nitroglycerin by stirring 
glycerin into a mixture of nitric acid, sulfuric 
acid, and water. The stirring must be gentle. 
Any unnecessary roughness will cause detona- 
tion. And the Container in which you do the 
stirring must be surrounded with a cooling water 
bath, to keep the temperature from rising to the 
detonating point. 

The nitroglycerin floats on top of the nitrat- 
ing acids. You can skim it off, wash it in several 
changes of water, and then dry it. 

Nitroglycerin has no military use, except in 
the manufacture of double-base smokeless pow- 
der such as ballistite and cordite. In commer- 
cial use, it’s extremely important in the manu¬ 
facture of dynamite. 

As a liquid explosive, nitroglycerin has 
only two known uses. It is sometimes used 
for “shooting” an oil well. The drillers lower 
a large metal or glass Container, filled with 
nitroglycerin, to the bottom of the well, and 
then detonate it. The explosion shatters the 
surrounding rock, so that oil can flow to the 
pipe. The drillers carry the nitroglycerin to 
the oil wells in trucks, but the men who drive 
the trucks can’t buy life Insurance. 

PETN is a white or pale buff granular 
powder. Its Chemical name is penta-erythritol- 
tetranitrate. It’s one of the most powerful of 
all modern high explosives. The Navy some¬ 
times uses it in detonating and priming 
mixtures. PETN is used in the Mk 35-1 det- 
onators for the Mk 14 depth charges. During 
World War n, a mixture of 70 percent PETN 
and 30 percent TNT was sometimes used as the 
main charge for mines and torpedoes. 

PICRIC ACID (tri-nitrol-phenol) comes in 
pale yellow crystals. It was probably the most 
important projectile-bursting charge used dur¬ 
ing the Spanish-American War and World War 

I. Since its melting point is too high for safe 
casting, it was usually mixed with other explo¬ 
sives to lower the melting point. When it was 
used alone, it was press-loaded in the projec- 
tile cavity. The British call picric acidlyddite. 


The French name ismelinite; the Japanesename 
is shimose, the Italian name is pertite. 

PYROCOTTON. (See Cellulose nitrate.) 

RDX is manufactured in the form of white 
crystals. It’s a powerful high explosive, of 
greater brisance than TNT. Other names for 
it are cyclonite and hexogen. Its Chemical 
name is tri-methylene-tri-nitramine. In its 
pure form, it's too sensitive for military use. 
During manufacture, the crystals are coated 
with beeswax to reduce their sensitivity enough 
to make them safe for handling. The waxed 
crystals must be mixed with some less sensitive 
explosive before they’re safe for Service use. 

The Navy uses three different mixtures 
containing RDX. 

1. COMPOSITION A is a mixture of about91 
percent RDX with 9 percent wax. This mixture 
has about the same sensitivity as Explosive D, 
but it’s more powerful. Itisbeginningto replace 
explosive D as a projectile filler. 

2. COMPOSITION B is a mixture of about 
60 percent RDX with 40 percent TNT, and less 
than 1 percent wax. It’s used for filling projec- 
tiles and bombs. 

3. COMPOSITION C is a mixture of about 
90 percent RDX with 10 percent oil. This mix¬ 
ture is plastic—you can mold it by hand into 
any desired shape. It’s often useful in demoli- 
tion work, since you can mold it around the 
object you want to destroy. 

SMOKELESS POWDER is a low explosive. 
It is the Standard propellant for all Navy guns. 
It comes in the form of cylindrical grains, with 
one or more perforations running the length of 
the grain to increase its burning rate. When 
they’re fresh, the grains are gray or buff colored, 
with a translucent, horny appearance. Older 
powder may be brown or black. 

Chemically, smokeless powder is cellulose 
nitrate, colloided with ether and alcohol. (See 
Cellulose nitrate.) 

The manufacturer of smokeless powder, after 
washing and boiling the pyrocotton, extracts as 
much water as possible by passing it through 
wringers. He then adds alcohol, to extract the 
remaining water. After removing the excess 
alcohol, he adds the proper amount of ether. 
The ether and alcohol, working together, soften 
the pyrocotton into a collodial mass. This soft 
material is then extruded in the form of per- 
forated rods, which are cut into grains of the 
desired length. These grains of smokeless 
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powder must dry for several raonths before 
they’re ready for Service use. 

TETRYL comes in yellow crystals or gran- 
ules. Its Chemical name is tri-nitro-phenyl- 
methyl-nitramine. It’s a high explosive, more 
powerfui and more sensitive than TNT. The 
Navy uses tetryl extensively as a booster, 
especially in mines and torpedo warheads. A 
mixture of tetryl with fulminate of mercury is 
sometimes used as a detonator. 

TNT (tri-nitro-toluene) is probably the most 
familiar of all military high explosives. Its 
manufacture is a long and complicated process, 
but basically it consists of nitrating toluene (a 
liquid hydrocarbon, somewhat like benzene) in 
the Standard mixture ofnitricandsulfuricacids. 
When it’s extremely pure, TNT is a white crys¬ 
talline substance. When impurities are present, 
its color varies from yellow todirtybrown. 

As a military high explosive, TNT has several 
advantages. If you protect it from moisture and 
extremely high temperatures, it’s chemically 
stable. You can store it for years without any 
Chemical change. And, compared with most 
high explosives, it is relatively insensitive and 
safe to handle. 

Another advantage is its low melting point. 
It can be melted and poured into projectile 
cavities and torpedo warheads, where it will 
harden when it cools. In its cast form, TNT 
is hard to detonate. It needs a powerfulbooster 
of tetryl or granular TNT. 

In torpedo warheads, HBXhasreplacedTNT. 
But there is a layer of cast TNT at the after 
end of the warhead, to help hold the HBX in 
place. 

The cast TNT in torpedo warheads contains 
a number of impurities, mostly other nitrates 
of toluene. When you expose cast TNT to high 
temperatures, or to direct sunlight, these im¬ 
purities ooze out in the form of a dark brown 
oily liquid. We call this liquid TNT exudate. 


1. What was the first known explosive? 

2. What is dynamite made of? 

3. How does a black powder explosion differ 
from a TNT explosion? 

4. How are military explosives classified? 

5. How does the action of a low explosive 
differ from that of a high explosive? 


It isn’t likely to escape from a torpedo warhead 
unless the warhead has been damaged in some 
way. But even so, it’s a good idea to watch out 
for it in your regular inspections. 

TNT exudate is both a fire hazard and an 
explosion hazard. If you find it, scrub it up with 
water and a bristle brush, then flush it away 
with plenty of water. If it has hardened, dis¬ 
solve it with trichlorethylene and flush it away. 
Don’t try to scrape up the exudate. It might 
explode if you do. And never use soap or alka- 
lies to clean it up; they combine with it to form 
dangerous, sensitive compounds. Never let 
the exudate come in contact with wood. It will 
soak into the wood and form a dangerous ex¬ 
plosive. If you have to use rags to clean up the 
exudate, then treat them as explosive substances. 
Get rid of them promptly. 

TRI-NITRO-PHENOL. (See Pierie acid.) 

TRI-NITRO-PHE N YL-METHYL-NITRA- 
MINE. (See Tetryl.) 

TRI-NITRO-TOLUENE. (See TNT.) 

SAFETY PRECAUTIONS 

Military explosives are made for one pur- 
pose—to explode. It’s part of your job to see 
that they explode where they’ll damage the 
enemy, not where they’ll damage us. And ob- 
serving the safety precautions yourself is only a 
part of your responsibility. It's also part of 
your job to see that all the men working under 
your supervision observe them, too. 

Chapter 19 will give you some safety rules, 
and suggest some references for you to read. 

REFERENCES 

OP 635, Torpedoes Mk 14. 

OP 642, Torpedoes Mk 15 Type. 

OP 1830, Contact Torpedo Exploder Mech- 
anisms. 


6. What is brisance? 

7. Try to list the following explosives in the 
order of their sensitivity, with the most 
sensitive first: fulminate of mercury, Ex¬ 
plosive D, tetryl, TNT, lead azide. 

8. What are the two most common ways to 
initiate an explosion? 
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9. What is meant by a disrupting explosive? 
Name some disrupting explosives. 

10. What is a DETONATOR used for? 

11. What is the most sensitive explosive in 
common Service? 


12. What explosive has replaced TNT in torpedo 
warheads? 

13. What precautions mu st you observe in 
cleaning up TNT exudate? 
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CHAPTER 5 

THE TORPEDO HEAD SECTION 


The head section of a torpedo may be either a 
warhead, an exercise head, or a war-exercise 
head. 

When you fire a torpedo at an enemy ship, 
the head section is a WARHEAD. It contains the 
high explosive charge, and the EXPLODER that 
sets it off when the torpedo reaches the target. 

For an exercise run, you remove the warhead 
from the torpedo and replace it with an EXER¬ 
CISE HEAD. The exercise head has the same 
shape and size as the warhead. To help give the 
torpedo the same running characteristics it would 
have during a war shot, you fili the exercise head 
with water or a Chemical solution. 

The WAR-EXERCISE head is much like the 
exercise head, except that it has an exploder 
cavity. 

In this chapter we will discuss the types of 
heads, giving a special section to exploders. 

WARHEADS 

The warhead is the business end of the tor¬ 
pedo. It carries an explosive charge of TNT or 
HBX and a firing device (exploder mechanism) 
which detonates the explosive at the target. In 
a sense, the rest of the torpedo is just an acces- 
sory. It has just one job—to carry the warhead to 
the target. 

Warheads come in several sizes, but in only 
one basic shape. Figure 5-1 shows this shape in 
profile. The after end is cylindrical; its for- 
ward end is ogival. (The picture should make it 
ciear what an ogival shape is like, even if it's 
hard to explain. The dictionary says anogiveis 
a “pointed arch.") Ali the air-steam torpedoes 
in common use today use ogival warheads. 

All warheads have a nose piece ornose-ring 
at the forward end, to make them easier to 
handle. 

Figures 5-2 and 5-3 show warheads for tor¬ 
pedoes Mk 14 and Mk 15. Actually the heads are 
so much alike that we could almost use the same 
picture for both of them. But there are two im- 



4.40 

Figure 5-1.—Profile of a warhead. 

portant differences. The warhead for the Mk 14 
is a little shorter than that of the Mk 15. And 
the ballast weight of the Mk 14 is at the afterend 
of the war Shell, instead of just abaft the ex¬ 
ploder cavity. The corerod, showninbothillus- 
trations, is no longer in use. 

At a naval loading activity, they put the main 
charge in the torpedo warhead by melting the 
explosive and pouring it into the warhead shell. 
When it cools and solidifies, the charge forms a 
solid mass. And to a large extent that solid 
mass of explosive helps to strengthen the war¬ 
head shell. 

As you can see in figures 5-2 and 5-3, all 
warheads carry ballast weights at the bottom of 
the warhead shell. These ballast weights have 
an important function. They give the torpedo the 
necessary “pull around” to keep it running on 
an even keel. 

Why must a torpedo run on an even keel? 
There are several good reasons. For one, a 
torpedo that's listing badly is almost sure to 
wander off course and miss its target. 

You remember that the depth mechanism 
keeps the torpedo running at the depth you set, 
and the gyro mechanism keeps it on course. 
Now let’s see what would happen to a torpedo 
that made its run with a strong list to starboard. 
Let’s say that the gyro mechanism applies 
RIGHT rudder to correct the course. What 
happens? The torpedo will turn to the right. 
But because the vertical rudders are slanted, 
it will also turn down. Then the depth mechanism 
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Every warhead has an exploder cavity. This 
cavity is completely set off from the rest of the 
warhead by a watertight exploder casing. The ex¬ 
plode r cavity holds the exploder mechanism that 
sets off the main charge when the torpedo hits* 
its target. 

Around the opening at the bottom of the ex¬ 
ploder cavity is a flange with tapped holes. When 
you mount an exploder in the cavity, you secure 
the exploder base piate to the mounting flange 
with screws. When the exploder is not in place, 
you cover the opening with a sheet-metal piate, 
screwed to the same flange. And with eitherthe 
exploder or the cover piate, you always use a 
gasket over the flange to keep the exploder cavity 
watertight. 

The exploder base piate is curved to match the 
surface of the warhead. That means, of course, 
that no single exploder can fit all torpedoes. 
Later on, we’11 teli you more about exploders. 

All warheads in present use have apair of 
core rod tubes. The se two hollow tubes are in 
line with each other, and parallel to the torpedo 
center line. The forward tubeextendstoafitting 
in the nose of the warhead. Athreadedplug seals 
the fitting. A filler piece fits over the plug and 
closes the opening, to give the nose a smooth 
unbroken surface. 

Most of the time, the core rod tubes have no 
use at all. They wereputtheretoform a housing 
for the core rod—an important part of the in- 
fluence exploder. (We’11 teli you more about in- 
fluence exploders in the section on exploders.) 

Warheads are made of phosphor bronze. Why 
use bronze, when Steel is cheaper and stronger? 
Maybe you’ve guessed the answer. The bronze 
shells make it possibletousemagneticinfluence 
exploders. They won’t work if they’re sur- 
rounded by a shell of Steel. 

Riveted to the after end of each warhead for 
air-steam torpedoes is a joint ring. Around the 
outer edge of the ring are 26 obliquely drilled 
holes. These holes are tapped to receive the 
joint screws with which you secure the warhead 
to the air flask section. 

Around the inner edge of the joint ring is a 
flange that forms aseatfor thebulkhead. On this 
flange are 52 tapped holes to receive the bulk- 
head bolts. There’s a rubber gasketbetween the 
bulkhead and the flange to make the joint water¬ 
tight. Besides the untapped holes, the bulkhead 
has three tapped holes. By screwing a special 
tool into these holes you can break the bulkhead 


joint, even when the bulkhead is tightly stuck to 
the gasket and flange. To keep water out, each of 
these three holes is covered with a small piate. 
The regular bulkhead bolts on each side hold 
these plates in place. 

When you’re shipping or stowing a warhead, 
you attach a Steel protecting ring over the joint 
ring, to protect it from damage. 

Figure 5-4 shows some of the characteristics 
of the principal types of warheads for air-steam 
torpedoes. 



Figure 5-4. —Characteristics of torpedo 
warheads. 


EXERCISE HEADS 

Every torpedo gets at least one test shot 
before it is issued to a fighting ship. It’s likely 
to make several runs during firing practice and 
target practice. The warhead can have no part in 
a test or practice shot. So you have to remove 
the warhead and replace it with an exercise head. 

An exercise shot must meet three require- 
ments. First, you want the torpedo to have the 
same running characteristics it will have during 
a war shot. Second, you want the torpedo to be 
intact and undamaged at the end of the run. 
Third, you must be able to find the torpedo at 
the end of its run, andbringitback. The various 
features of the exercise head make it possible 
to meet these requirements. 

For each type of torpedo, the exercise head 
has the same shape, length, and diameter as the 
warhead itreplaces. Every exercise head is pro- 
vided with liquid ballast. Also, all exercise heads 
have lead ballast weights. The ballast of the 
exercise head is designed to give the toipedo the 
same trim, balance, and "pull around” that it 
would have with a warhead. And most exercise 
heads have the same weight as the warhead. 
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EXERCISE HEAD CONSTRUCTION 


EXERCISE HEAD ACCESSORIES 


All exercise heads are made of Steel (except 
war-exercise heads, which we'll discuss later). 
Like warheads, all exercise heads have a nose 
piece or nose ring at theforwardend. And since 
exercise heads have no explosive to strengthen 
them, they're provided with strengthening rings. 
The number varies with the length of the head. 

The exercise head for the Mk 15 torpedo (fig. 
5-5) shows the construction that’s typical of 
most exercise heads. 


AIR RELEASE 
MECHANISM 


HEADLIGHT 



BALLAST 

WEIGHT 


DISCHARGE 

VALVE 


4.44 


Figure 5-5.—Exercise Head Mk 31 for the 
Torpedo Mk 15. 


Here are some features that you'll find in ALL 
exercise heads. On the top surface of the head, 
on the torpedo center line, are three flanged 
circular openings. In these openings, youmount 
the various exercise head accessories. 

Most important of these accessories is the air 
release mechanism. For the other openings you 
have a choice of a pinger, a headlight, a torch 
case, or a depth-and-roll recorder. Your choice 
will depend on the purpose of the shot, and the 
conditions under which you make it. 

A discharge valve is on the bottom surface 
of every exercise head. When the head"blows” 
at the end of the exercise run, the liquid ballast 
exhausts through the discharge valve. 

Near the discharge valve is a drain plug. By 
removing it you can drain out any liquid that's 
left in the exercise head after you recover the 
torpedo. 


When the torpedo reaches the end of an 
exercise run, the AIR RELEASE MECHANISM 
releases high-pressure air into the exercise 
head. The compressed air forces the liquid 
ballast out through the discharge valve. Figure 
5-6 shows the Air Release Mechanism Mk 3— 
the type that's used in all current torpedoes. 


CASING AND 
VALVE GUIDE 


ADJUSTING 
NUT CAP 


ADJUSTING 

NUT 


LOCKING SCREW 
IN CASING 


VALVE SPRING 



ESCAPE 

PORT 

VALVE 


STRAINER 


SPRING SUPPORT 


STRAINER HOLDER 


NIPPLE 


4.45 

Figure 5-6.—Air Release Mechanism Mk 3 
Mod 1. 

Figure 5-5 shows where the air release 
mechanism fits in the exercise head. When you 
bolt the cover piate to the flange on the exer¬ 
cise head, it holds the air release mechanism 
securely in place. A copper air line extends 
from the nipple at the bottom of the air release 
mechanism to a fitting in the bulkhead, and 
carries high-pressure air to the mechanism. 
In all exercise heads, the air line makes one or 
more complete loops, so that vibration won't 
overwork the line and cause it to break. 

The Mk 3 air release mechanism is self- 
cocking. Here's how it works. High-pressure 
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air enters through the nipple. It passes through 
the strainer, through the off-center hole in the 
strainer holder, and into the chamber at the 
bottom of the valve stem. (Check all of this 
in figure 5-6.) 

From there, air goes up through thepassage 
at the left of the valve stem. But because this 
passage is narrow, the pressure in the chamber 
at the bottom of the valve stem is higher than the 
pressure above the passage. 

Air also enters the slot on the bottom of the 
valve stem (find it in figure 5-6), and presses 
upward. That pressure is enough to lift the 
valve stem slightly, against the pressure of the 
valve spring. 

As soon as the valve begins to rise, high- 
pressure air reaches its entire bottom surface. 
It presses upward with enough force to com- 
pletely overcome the pressure of the valve 
spring. The valve closes tight against its seat. 
Now the mechanism is cocked. As long ashigh- 
pressure air reaches the nipple, no aircanpass 
through the valve. 

Throughout its run, the torpedo constantly 
uses air from the air flask. The pressure in the 
flask constantly decreases. Eventually it get so 
low that it can no longer hold up the valve stem 
against the pressure of the spring. Then the 
spring pushes the valve stem down, and opens 
the valve. Compressed air flows through the 
valve, through the escape port in the valve casing, 
and into the exercise head. 

By turning the adjusting nut at the top of the 
mechanism, you can change the pressure of the 
valve spring. And the pressure of the spring de¬ 
termines how low the air pressure mustfallbe- 
fore the head blows. For most torpedoes, the 
pressure will be between 400 and 600 psi. 

Notice in figure 5-6 that the locking screw 
locks the adjusting nut in place. You have to 
back the screw completely out of the casing 
before you make the adjustment, and replace it 
when you are through. The OP's teli you what 
blowing pressure to set for each torpedo, and 
give complete directions for making and testing 
the adjustment. 

Figure 5-7 is a sectional view of the DIS- 
CHARGE VALVE. (This one is used in the exer¬ 
cise head of the Mk 15 torpedo. The discharge 
valves for other exercise heads are slightly 
different. But, you can understand any of them 
by comparing them, part by part, with this 
one.) 



Figure 5-7. —Discharge valve. 

The outer flange of the valve body is riveted 
and sweated to the exercise Shell, and forms a 
permanent part of it. The spring piate is bolted 
to the flange, and forms the lower seat for the 
valve spring. (Find these parts in figure 5-7.) 

The valve is free to move up and down, within 
limits, inside the cylindrical part of the valve 
body. The valve spring holds the valve up in its 
closed position. And as long as the valve is 
closed, itkeepstheliquidballastinandsea water 
out. 

When the head blows, the pressure inside the 
head overcomes the spring pressure, andforces 
the valve down. The liquid ballast isthenforced 
out through the valve, through the holes in the 
spring piate, to the sea. When the air pressure 
falis low enough, the spring closes the valve to 
keep sea water from entering the head. (But 
that doesn't happen until air pressure hasblown 
nearly all the liquid ballast out of the head.) 

The DEPTH AND ROLL RECORDER is us- 
ually called the D and R. It fits in a cylindrical 
case that's very much like the torch case in 
figure 5-5, except that it's nearly twice as long. 
You aren’t likely to use D and Rfor an exercise 
shot. But it's valuable during a proof run, to 
show how the torpedo behaves under water. 
Throughout the torpedo run, the D and R con¬ 
stantly measures the depth of the torpedo in the 
water, and how much it rolls from side to side. 
And it records both measurements on a long 
sheet of carbon-covered acetate film. 

There are three cylindrical drums inside the 
D and R case. One of these is the supply spool, 
on which you wind the long strip of record film 
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before you assemble the instrument. Another is 
the takeup spool. During the entire run, film 
slowly winds from the supply spool to the takeup 
spool. Thethirdcylinderholdstheclockworkand 
driving gears thatturnthespools. Youadjust the 
speed at which the film moves according to the 
speed of the torpedo. Before the torpedo run, you 
wind the D and R like a clock. When you launch 
the torpedo, an inertia weight in the recorder 
moves aft, and starts the machine. 

The two measuring devicesintheDandR are 
a BELLOWS and a PENDULUM. The bellows 
moves in and out according to the water pressure, 
and Controls the pencil thatrecordsthe rollline. 
The pendulum swings from side to side as the 
torpedo rolls. It moves the pencil that records 
the roll line. 

Figure 5-8 shows a record sheet from a 
depth and roll recorder. (The vertical zigzag 
break shows that it’s really much longe r than 
this. We’ve printed only the beginning and the 
end. The missing part looks much like the sec- 
tion between points X and 2 in the figure.) 


SURFACE 



You can get a general idea of the torpedo's 
performance just from a quick look at the record. 
(Of course, for exact figures you’d have to 
measure the record lines with a calibrated 
scale.) The torpedo that made the record in 
figure 5-8 was set to run at a depth of 10 ft. 
The records shows that it kept a rather constant 
depth until just before the head blew at the end 
of the run. 

The roll line also shows a normal perform¬ 
ance. After a little excessive rolling at the 
beginning, the torpedo settled down toaregular, 
gentle roll. Until after the head blew, it never 
rolled more than 15° to either side. (Hie al- 
lowable limit for rolling is 15°.) Any roll less 


than that isn’t likely to affect the rudder action 
seriously. 

The exercise head has three accessories—the 
pinge r, torch, and torpedo headlight—that enable 
you to find a torpedo after its run. And many 
exercise heads are painted bright yellow, so 
they’11 be easy to see in the water. 

The PINGER fits in a cylindrical came simi- 
lar to that ofthe D andR. You won’t use it often 
for exercise shots. It is used mostly for testing 
new torpedoes on a regular test range, in water 
that's not too deep. Throughout the torpedo run, 
and for some time afterward, the pinger sends 
out short, sharp sounds. H the exercise head 
fails to blow and the torpedo sinks, you can find 
it by listening for the sound of the pinger. And 
if the water is fairly shallow, you can send a 
diver down to recover it. 

The TORCH fits in a cylindrical came that 
makes a watertight connection to the flange of 
the exercise head. The torch itself is a sealed 
metal can, filled with a Chemical (usually cal¬ 
cium phosphide) that burns and smokes when it 
gets wet. The smoke from the torch makes the 
torpedo eamy to find ad the end of an exercise 
run. In the top of the torch can is a small hole, 
covered with a strip of tin that’s soft-soldered 
in place. Attached to the tin is a small ring. Just 
before you amsemble the torch in its came, you 
tear off the tin seal by pulling on the ring. Then 
you sead the opening temporarily with soap, which 
wamhes away during the torpedo run. 

CAUTION: Once you've broken the torch seail, 
you have to be careful to protect the chemicad 
from moisture. The burning and smoking will 
begin as soon as a trace of water enters the eam. 

The TORPEDO HEADLIGHT helps you to find 
the torpedo after apracticeshotatnight. Figure 
5-9 shows a cutaway view of it. The heaidlight 
uses a bright Mazda bulb, and four wet-cell 
batteries. (The picture shows only oneofthem.) 
Some of the older headlights use eightflashlight 
cells—two in place of each wet cell. 

When you fire the torpedo, the inertiad 
switch automaticadly turns on the headlight. hi 
figure 5-9 you can see the two switch contacts, 
about hadf an inch to the left of the launp base. 
The left edge ofthe inertia ring holdsthem apart. 
The inertia weight pivots at the right, and a 
spring holds it in place. At the instant of firing, 
inertia throws the inertia weight aft. Then the 
spring on the switch lever closes the contacts. 
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In the lower part of figure 5-9, the switch is 
open. In the inset at the top, it's closed. 


SWITCH LEVER LAMP INERTIA WEIGHT 



Figure 5-9.—Torpedo headlight. 


WAR-EXERCISE HEADS 

The principal use of the war-exercise head 
is to test the exploder action. It is a lot like the 
corresponding exercise head in both appearance 
and construction. The real difference between 
the two is that the war-exercise head has an ex¬ 
ploder, just like the warhead. For each mark of 
torpedo, the war-exercise head takes the same 
mark of exploder as the warhead. And like the 


warhead, war-exercise heads are madeofphos- 
phor bronze soyoucan use an influence exploder. 

A war-exercise head, of course, contains no 
explosive charge and no booster. So it needs no 
detonator. In place of the detonator and booster, 
you install a small assembly made of a switch 
and two dry cells. When the exploder mechanism 
fires, its firing pin assembly closes the switch. 

In the forward flange at the top of the war- 
exercise head, you install a MARKER BOMB. 
You connect two wire leads from the marker 
bomb to the switch and dry-cell assembly in the 
booster cavity. (If you're using an exploder with 
an electric detonator, you wire the marker bomb 
directly into the exploder Circuit, rather thanto 
the switch in the booster cavity.) 

Figure 5-10. shows a sectional view of the 
marker bomb. It contains a number of thin yellow 
plywood discs. When the switch in the booster 
cavity closes, current passes through a resist- 
ance bridge in the cartridge primer of the marker 
bomb, and the cartridge explodes. The force of 
the explosion shears the lead sealing disc at the 
top of the bomb, and throws the plywood discs oilt 
into the water, marking the point where the ei- 
ploder fired. 

TORPEDO BUOYANCY 

When you fire a torpedo for a war shot, it has 
a negative buoyancy. It is heavier—by several 
hundred pounds—than an equal volume of sea 
water. That means that if it comes tothe end of 
its run without hitting a target, it will sink to the 
bottom. 

Why doesn’t the torpedo sink during its run? 
Because as soon as it starts to sink, the depth 
mechanism orders UP rudder. So the torpedo 
makes its run with a slightly nose-up attitude. , 
There's more drag on the bottom of the torpedo 
than there is on the top, and that keeps it from 
sinking. 

Negative buoyancy for a war-shot torpedo is 
a good idea. To give it positive buoyancy we 
would have to make it a lot bigger, or decrease 
the amount of fuel or explosive it carries. For 
another thing, if a torpedo misses its target, we 
WANT it to sink. An oceanfullof floating armed 
torpedoes would make life at sea much too 
hazardous. 

For an exercise shot, you want the torpedo 
to have the same running characteristics it would 
have for a war shot. That means it must start out 
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Figure 5-10.— Marker bomb. 
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with negative buoyancy. But at the end of an ex- 
ercise run, you want the torpedo to float on the 
surface, so you can find it and bring it back. So 
it must end up with positive buoyancy. 

How can it start out with negative buoyancy 
and end up with positive? You know the answer 
already. You fili the exercise head with expend- 
able liquid ballast. Some torpedoes carrywater 
ballast; others use a Chemical solution. At the 
end of the exercise run, the air-releasingmech- 
anism in the exercise head blows. Compressed 
air enters the head and forces the water or so¬ 
lution out through the water discharge valve in 
the bottom of the Shell. When the head is empty, 
it gives the torpedo positive buoyancy, and the 
torpedo will float until you recover it. 

EXPLODERS 

This section gives you a short descriptionof 
torpedo exploders, and showsyouhowthey work. 
But it does not give instructions for maintenance 
and overhaul of the exploders. Your qualifica- 
tions for advancement say that you won't overhaul 
an exploder until you are ready to advance to 
TMC. All you need to know now is what the ex¬ 
ploder does and how it does it. For detailed 


information, or overhaul instructions, see the 
pertinent OP's. 

BASIC PRINCIPLES 

The exploder mechanism is anessentialpart 
of the warhead. It has just one job to detonate 
the explosive charge when the torpedo reaches 
its target. 

The main charge of the warhead is a big, 
solid mass of explosive, usually HBX. It has a 
tremendous wallop when it explodes. But HBX 
is a fairly insensitive explosive. The main 
charge HAS to be insensitive. Otherwise it might 
explode because of the joltsitgetsintransporta- 
tion, or because of the shockinfiringthe torpedo 
from the tube. So, making it explode becomes a 
problem. 

We solve this problem with a Chain reaction. 
For a detonator, we use a small amount of a very 
sensitive explosive. The detonator sets off a 
second charge—the booster. The booster isalot 
bigger, but not so sensitive. The booster, in 
turn, explodes the main charge. 

Here is another problem. When a ship cruises 
in wartime, its tubes are loaded with fully ready 
torpedoes. If you're in a submarine you'11 keep 
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a spare set in racks near the torpedo tubes. The 
exploders, including the supersensitive dentona- 
tors, will be in place in the warheads. There's 
always a chance that a fully ready torpedo will 
get a small jolt by accident. On the deck of a 
destroyer, it will have to take the shock of gun- 
fire. If a submarine is attacked with depth bombs, 
its torpedoes may get a severe shock. But the 
detonators are extremely sensitive to shock. 

So, to protect you and your ship, the exploder 
must have a positive safety feature. And this 
safety feature must keep the main charge from 
exploding, even if the detonator goes off ac¬ 
cident ally. 

Figure 5-11 shows the answer to this prob- 
lem. The detonator is completely enclosed in a 
strong safety chamber. If the detonator should 
go off accidentally, the safety chamber will pro¬ 
vide a space in which the hot gases can expand 
without affecting the booster or the main charge. 


on a horizontal axis. Figure 5-12 shows what the 
impeller looks like. 


SAFETY 

CHAMBER 



Figure 5-11.—Safety chamber. 


For absolute safety, the detonator must stay 
in the safety chamber while the torpedo is in the 
racks and tubes. It must stay there while you're 
firing the torpedo from the tube. It must stay 
there during the first part of the torpedo run, 
while the torpedo is stili close enough to damage 
your ship. Yet, before the torpedo reaches its 
target, the detonator must be completely out of 
the safety chamber, and ready to explode the 
booster. 

So the torpedo exploder must have an ARMING 
FEATURE. The arming action depends on an 
impeller—a 15-bladed wheel that'sfreeto rotate 



Figure 5-12.—Impeller action. 
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The speed of the torpedo for ceswater through 
the impeller channel. Theflowof water turnsthe 
impeller. And the impeller, through a system of 
gears, turns the safety chamber on a vertical 
axis. 

The detonator can't rotate with the safety 
chamber. Two fixed vertical rods pass through 
slots in the base of the detonator holder. The 
rods leave the detonator free to move upward, 
but keep it from turning. As the safety chamber 
turns, it lifts the detonator out of the chamber 
and into the cavity in the booster charge. 

Exploders must also have something to start 
the Chain of explosions when the torpedo reaches 
its target. In the contact exploder, it's an inertia 
ball. In the influence exploder, it's an elec- 
tronic device. Figure 5-13 shows the inertia-ball 
switch. 

The ball fits in a cavity in the ball seat, and 
the spring holds it there. (Note that the left side 
of the picture is forward. Tbink of the torpedo, 
and the inertia-ball switch, as traveling from 
right to left.) 

What happens when the torpedo strikes the 
hull of an enemy ship? The inertia ball tend$ to 
keep going toward the left. It keeps going with 
enough for ce to over come the spring, andpushes 
the contact bar against the fixed contact. That 
closes an electric Circuit, which explodes an 
electric detonator and starts the Chain reaction 
of explosions. 
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Figure 5-13.— Inertia-ball switch. 


Study figure 5-13 closely. You’ll seethatthe 
switch will close even if the torpedo strikes its 
target a glancing blow. A glancing blow would 
tum the torpedo up, down, or sideways. Inertia 
would tend tothrow the ball in the opposite direc- 
tion. In moving up, down, or sideways, the ball 
must stili move forward to get out of the cavity 
in the ball seat. Anditcan’tgetout of that cavity 
without closing the electric switch. 

I 

Early Exploders 

Torpedo exploders, like most ordnance de- 
vices, had a long and gradual development. The 
first exploders dependedonclockwork. Afterthe 
clock had run for a certain time, it pulled the 
trigger of the firing device. The firing device was 
much like that of a flintlock musket. 

Since early torpedoes were made to be at- 
tached to the hull of an enemy ship, the clock- 
work exploder was goodenough. ButwhenFulton 
invented the towed torpedo, he had to invent a 
new exploder too. You remember that Fulton’s 
idea was to tow the torpedo astem on a line, and 
try to foul it against the enemy hull. 

Actually there were two lines to the torpedo: 
one was for towing: the other was the firing 
lanyard. The torpedoman kept his eyes on the 
torpedo. When it seemed to be close enough to 
the enemy ship, he gave a mightly pull on the 
lanyard. Sometimes it worked, and sometimes it 
didn't. For one thing, he had to leave a lot of 
slack in the lanyard, to keep the drag of water 
from firing the torpedo too soon. And it was hard 
to keep from fouling the lanyard on the towing 
rope. 


Fulton's next idea was to use a long insulated 
wire attached to the towing rope. Current flowed 
from a battery on the attacking ship, throughthe 
wire, to an electric detonator in the torpedo. It 
returned through the water. The torpedoman 
watched, and when the torpedo seemed to touch 
the target's hull he closed the Circuit at the 
battery. 

This stili was not good enough. First, insula- 
tion wasn’t reliable in those days, and neither 
were batteries. And second, the proper moment 
for firing was stili guesswork. 

Fulton tried another experiment. He made a 
firing lever that stuck out from the side of the 
torpedo case. When the lever struck the hull of 
the target, it released a firing pin. But that 
wasn’t safe. It was easy for the torpedoman to 
bump the lever accidentally while hewasputting 
the torpedo into the water. 

A few years later, Harvey improved the ex¬ 
ploder by equipping his towed torpedo with sev- 
eral levers. He also added a safety device. He 
put a safety key in the firing pin, and the firing 
pin couldn’t move as long as that key was in 
place. Harvey attached a light line to the safety 
key. After the torpedo was in the water, and a 
safe distance astem, the torpedoman could pull 
out the key. 

Shortly after the Civil War, Whitehead devel- 
oped his self-propelled torpedo. This one was 
intended to strike squarely against the enemy hull 
instead of being towed sideways against it. A 
thin metal rod stuck out through the nose of the 
torpedo, like the bili of a swordfish. When the rod 
struet the target it was driven backward into a 
percussion cap. This exploder had a safety de¬ 
vice too. The forward end of the rod was 
threaded, and a fan was screwedontoit. The fan 
kept the rod from being driven back. When the 
torpedo was fired, the water tumed the fan, and 
it wound itself forward off the rod. 

The next step is the inertia exploder. It is 
based on the law of inertia: when a body is 
standing stili, or moving in a straight line, it 
tends to stay that way. Ali the contact exploders 
we use today are based on this principle. 

The contact exploder includes a steel ball, 
or a steel ring. When the torpedo is under way, 
these parts are moving in a straight line. When 
the torpedo hits a target, they tend to keep going. 
In that way, they provide enough force to fire 
the exploder. 
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The most recent step in exploder evolution— 
at least up to now—is the influence mechanism. 
This is an electronic gadget that detects the pres- 
ence of a target, even when the torpedo doesn’t 
touch it. With an influence explode r, you e an 
fire the torpedo so it will pass UNDER the keel 
of an enemy ship. The exploder will detect the 
presence of the ship and detonate thewarheadat 
the proper moment. 

The most recent influence exploders are stili 
confidential. We will, however, give you a gen- 
eral discussion of them later in this chapter. 

Exploders in Current Use 

The Mark 6 Mod 13 has replaced the older 
exploders for torpedoes Mks 14 and 15. Ilie 
Mk 6 Mod 13 is a contact exploder mounted on a 
rectangular base piate. It fits in the lower side 
of the forward end of warheads. The lower sur- 
face of the base piate is formed to complete the 
ogival shape of the warhead. The exploder is 
armedboth mechanically andelectrically. Elec¬ 
tric energy for firing is providedby a generator, 
which is driven by the impeller shaft. 

Exploder Mk 6 Mod 13 is similar to the now 
obsolescent Mk 6 Mod 10. It has a pickup coii 
that is a holdover from the influence feature of 
the older Mk 6. The coii is retained simply to 
preserve the balance, trim, and pull-around 
characteristics of the early mods. And on many 
of the Mod 13 exploders, you'11 find that it isn’t 
even a real coii. It is just a Steel or brass 
dummy of the same weight as the original coii. 
Figure 5-14 is a view of the exploder Mk 6 Mod 
13, looking from the starboard side. 

Any contact exploder has two functions: (1) 
to respond to the impact of the torpedo against 
its target, and explode the main charge in the 
warhead; and (2) to arm itself during the tor¬ 
pedo run. While it’s aboard the attacking ship and 
during the first part of its run, the exploder 
must not be able to fire the main charge. While 
it’s arming, the exploder rearranges its own 
parts, so that they become capable of exploding 
the warhead. 

The power for arming comes from the impel¬ 
ler. The impeller has 15 blades, and turns on an 
athwartship shaft. The impeller channel is on the 
port side of the base piate. When the torpedo is 
under way, water passes through the fore-and- 
aft impeller channel in the base piate. Theforce 
of water against the impeller blades turns the 


impeller and its shaft. Figure 5-15 isacutaway 
view of the firing mechanism of a Mk 6 Mod 13 
exploder. 

To keep water from reaching the firing 
mechanism, the impeller cavity is completely 
closed off from the rest of the exploder. The 
inboard end of the impeller shaft passes through 
an asbestos packing or aringseal, to keep water 
from leaking in around the shaft. (It must be 
tight enough to keep water out, but loose enough 
to let the shaft turn.) 

The impeller end of the wormshaft is hex- 
agonal, and fits in a hexagonal socket in the im¬ 
peller shaft. The starboard end of the wormshaft 
turns in a ball bearing. Beyond the end of the 
shaft is a sealing gland and gasket, to keep the 
water from leaking in at that end. 

Figure 5-16 is a schematic drawing of the 
arming gear train. Follow the turning force 
through the gear train, and you will see how 
the impeller makes the arming gear rotate. As 
you can see, the gear train greatly reduces the 
speed of rotation. The impeller must make more 
than 100 turns in order to turn the arming gear 
through one revolution. 

As the arming gear turns, it raisesthe arm¬ 
ing screw. The turning safety chamber raises 
the detonator up into the booster cavity. But 
note that there’s no inertia ring, no trigger cup, 
and no firing pin. The detonator can be fired 
only by an electric current. 

In Mk 6 exploders that fire mechanically 
the arming screw is an important part of the 
arming mechanism. During the torpedo run, 
the inside threads of the arming gear lift the 
arming screw upward, and thus compress the 
firing spring. But in the Mod 13, the arming 
screw has no function except to support the 
detonator holder and guide posts. In the Mod 13 
the arming screw is ALWAYS in the ARMED 
position. It’s secured in that position by eight 
spring-loaded stop balls that engage an annular 
groove. 

Figure 5-17 is a schematic drawing of 
mechanical and electrical features of the Mk 6 
Mod 13. We won’t go through the mechanical 
arming again. But here is a quick look at the 
electrical action. 

As soon as the torpedo begins its run the 
impeller spins, and turns the generator arm¬ 
ature. The armature has two sets of windings, 
and two commutators—one at each end. (The 
low-voltage winding has been inactivated. The 
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Figure 5-14. —Exploder Mk 6 Mod 13 with inertia-ball switch assembly. 


high-voltage winding is the only one we use 
now.) 

The generator is designed to build up its 
operating voltage very quickly. There's an 
opposed field winding, in series with the voltage 
regulator tube, connected across the high- 
voltage terminals. When the generator reaches 
a certain speed, its voltage is high enough to 
strike an arc through the voltage regulator tube. 
When that happens, a current will flow through 


the opposed field windings. The higher the 
generator output, the more current flows through 
the opposed field Circuit. This current weakens 
the total field strength of the generator, and cuts 
the output voltage down again. This actionkeeps 
the voltage output nearly constant, even if the 
armature speed changes considerably. 

During the first part of the torpedo run, the 
safety delay switch is closed. As long as it's 
closed, it completely shorts out the generator. 
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Figure 5-15. —Cutaway of firing mechanism assembly. 


No electric charge can build up in the capacitor 
while the generator is shorted. And no current 
can pass through the squibs, even if the impact 
switch should close. 

When the mechanical arming is completed, 
the safety switch opens, and unshorts the 
generator. Now the generator voltage builds 
up, and charges the capacitor. (The resistor 
smooths the charging voltage. And if the gen¬ 


erator voltage should drop momentarily, the 
resistor will keep the capacitor from suddenly 
discharging back through the generator.) 

Now the exploder is fully armed, both me- 
chanically and electrically. When the torpedo 
strikes its target, the inertia ball switch closes. 
Then the capacitor discharges through two 
squibs, starting the Chain of explosions. 
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Figure 5-16.— Arming gear train. 


Influence Exploders 

You have probably read about the proximity 
fuze. It’s a gadget we use to explode the 5-in. 
and 6-in. projectiles when we have to knock an 
enemy aircraft out of the sky. 

What the proximity fuze does for an anti- 
aircraft projectile, the influence exploder does 
for a torpedo. In either case, the missile 
doesn’t have to hit the target—ithasonly to come 
close. If a torpedo passes a few feet under the 
keel of a target ship, you’11 have a clean miss 
with a contact exploder. But with an influence 
exploder, you'11 have a damaging explosion. 


With an influence exploder, you can DE- 
LIBERATELY set the running depth so that the 
torpedo will pass under the target’s keel. Why 
do that? Think what happens when a torpedo 
warhead explodes under water. It releases a 
tremendous burst of energy, in a small fraction 
of a second. That energy has to go somewhere. 
A small part of it forms a soundwave. Another 
part forms a shock wave that travels through 
the water. The rest of it is present in a globe 
of hot, highly compressed gases. What happens 
to that ball of hot gas? First it expands. Then 
it contracts momentarily. And finally it expands 
again and makes its way to the surface. 
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Figure 5-17. — Schematic drawing of mechanical and electrical features. 


When a warhead explodes in open water, 
ali the energy in that ball of gas goes 
to the surface, where it throws up a big 
burst of spray. But remember that the force 
builds up fast. And water isn’t very com- 
pressible. Because of its inertia, the water 
tends to stay where it is. Before it can 
lift the water out of the way, the force of 
the explosion must overcome the water’s 
inertia. And the force of the explosion usually 
takes the route of least resistance, which 
in most cases is through the bottom of the 
ship. 

As we told you, the influence exploder will 
operate when it passes UNDER its targetwithout 
touching it. How does the exploder "know” 
when to (perate? All common influence ex- 
ploders depend on the earth’s magnetism. 


You know that when a coii of wire is in a 
changing magnetic field, a current will flow 
through the wire. You also know that the earth 
is a huge magnet. Any big massof iron or Steel 
will distort the earth’s magnetic field. Under a 
Steel ship, the earth’s magnetic field is strongly 
distorted. When a coii of wire is moving fast 
under a ship, it's in a rapidly changing magnetic 
field, and current will flow through it. The 
influence exploder uses that current to start 
the explosive train. 

The idea of an influence exploder started in > 
1922. The Navy began a long series of secret 
experiments that finally re suite d in the Mk 6 
exploder. 

We told you that the influence feature of the 
Mk 6 exploder has been inactivated. Why? 
Simply because it wasn’t reliable. For one 
thing, it wasn’t any too sensitive. For another, 
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some of its parts had to be delicately adjusted. 
It required a masterful touch from the Torpedo- 
man's Mate to make the thing work. And worst 
of ali, torpedo Controls were not smooth in 
those days. The torpedo often maneuvered 
violently, sometimes broaching. The influence 
feature of the early Mk 6 couldn’t take that kind 
of treatment, and it often went off prematurely. 


REFERENCES 


OP 635, Torpedoes Mk 14. 

OP 642, Torpedoes Mk 15 Type. 

OP 1830, Contact Torpedo Expio der 
Mechanisms. 


QUIZ 


1. Name the different types of torpedo heads. 

2. What is the function of the lead ballast in 
the head section? 

3. Why is it necessary for a torpedo to run on 
an even keel? 

4. What is the maximum allowable roll during 
a torpedo run? 

5. What is the function of the core rod tubes? 

6. Why are some warheads made of phosphor 
bronze, rather than Steel? 

7. What is the purpose of the three tapped 
holes in the warhead bulkhead? 

8. How do you protect the warhead joint ring 
during shipping or stowage? 

9. Explain the operating principle of the air 
release mechanism. 

10. Name the exercise head accessories that 
help you to find the torpedo at the end of the 
run. 

11. What is the state of buoyancy (positive, 
neutral, or negative) of a torpedo: (a) at 


the beginning of a war shot run; (b) at the 
end of a war shot run (if the torpedo misses 
its target); (c) at the beginning of an exercise 
run; (d) at the end of an exercise run? 

12. What keeps a torpedo from sinking during 
its run? 

13. What is the main purpose of the exploder 
m«chanism? 

14. What physical principle do contact exploder s 
depend on? Explain it briefly. 

15. Why must the explosion of the warhead bea 
chain reaction? 

16. Why do Mk 6 exploders stili have a pick-up 
coii, or a dummy replacement for it, even 
though the influence feature has been in- 
activated? 

17. Explain the function of the safety chamber. 

18. Explain briefly the arming action. 

19. How can an influence exploder detect the 
presence of a target without touching it? 
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THE AIR, FUEL, AND WATER SYSTEMS 


The air, fuel, and water Systems give the 
air-steam torpedo power to go. These three 
Systems are closely related, and it is the 
combined work of all three that makes up the 
power piant. Without any one of the systems 
the power piant is incomplete. 

AIR SYSTEM 

In its air flask, the torpedo carries com- 
pressed air at tremendous pressure. When the 
flask is fully charged, the pressure inside it is 
2,800 psi. The voliune of the Mk 15 air flask 
is 23 cu ft. 

You already know that air is quite light. 
But the air in the flask of a Mk 15 torpedo 
weighs 326 lbs. (Thatfs not the weight of the 
flask—it’s the weight of the air inside the flask.) 

To get this much air in the torpedo’s air 
flask the ship’s compressors have to do a lot 
of work. When the flask is charged, a large 
part of the compressor’s work is stored up in 
compressed air. When we let the air out of 
the flask, we can recover most of the energy 
that’s stored up in it. If we let the escaping 
air strike the blades of a turbine wheel, we can 
make the stored energy do useful work. And 
we can use that work to turn the propellers 
that drive the torpedo through the water. 

If we wanted to, we could let it go at that. 
We could use the energy of the compressed 
air—and nothing else—to propel the torpedo. 
That’s what happens when a torpedo makes a 
“cold” run. But a torpedo that makes a cold 
run doesn’t go as far or as fastas we want it to. 

In chapter 2 you learned what happens when 
air gets hot. If it’s bottled up so that it can’t 
expand, its pressure will rise. If it isn’t 
bottled up, it will expand. 

We use both of these facts in the torpedo, 
by passing the compressed air through a 
SUPERHEATER before it goes to the turbines. 
The superheater increases both the volume 
and the pressure of the air that strikes the 
turbine blades. 


The main part of the superheater is aclosed 
chamber-the COMBUSTION FLASK. Into the 
combustion flask, we force a mixture of com¬ 
pressed air and alcohol that is ignited by the 
igniter. And the mixture buras inside the flask. 
When alcohol burns, it turns to gases. So 
alcohol not only heats the compressed air, 
but also adds to the volume of gas that strikes 
the turbine blades. 

The burning mixture of fuel and air gets 
very hot. In fact, it gets so hot that it could 
easily damage the superheater or the turbine. 
To prevent this we inject water along with 
air and fuel into the combustion flask. The 
water spray keeps the temperature under 
control. And, in cooling the flask, the water 
turns to steam and adds to the volume of gas 
that goes to the turbine. The water itself 
doesn’t add any energy to the system. But 
it does take energy that btherwise would be 
wasted in the form of heat, and make it do 
useful work. 

Because compressed air and alcohol are the 
only sources of energy in an air-steam torpedo, 
we use compressed air to do several jobs. 
Besides spinning the turbines, compressed air 
also: 

1. blows the liquid ballast out of the exercise 
head at the end of the exercise run. 

2. forces fuel and water Into the combustion 
flask. 

3. operates the igniter that starts the air- 
fuel mixture burning. 

4. operates the starting valve, which puta 
all the propelling and control nlechanisms of 
the torpedo into operation. 

5. operates the gyro-spinning mechanism, 
which gives the gyro Its initial spin and brings 
it up to full speed. 

6. supplies energy for the depth and steering 
engioes which operate the horizontal and vertical 
rudders. 

7. supplies air for constant gyro spin 
throughout the torpedo run. 
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DIAGRAM OF THE AIR SYSTEM 

We could give you a diagram of the complete 
air system. But the complete diagram lookstoo 
complicated. Actually, there is no part of the 
air system that’s hard to understand. So we 
are going to let you draw the diagram yourself. 
By doing this you will see how simple the 
system is, and how easy it is to understand. 

You'll need several sheets of plain paper, 
and some colored pencils—at least three colors 
besides black. (If colored pencils arenotavail- 
able, you can try the same system we use in 
this book—use various kinds of stippling and 
crosshatching to show the difference between 
water, fuel, and air. But whatever you use, 
put a key in the comer of the drawing to show 
what’s what. 

The first thing we need for an air system 
is an AIR FLASK. Draw an air flask at the top 
center of your sheet. (Never mind the shape. 
Any square or rectangle will do. But be sure 
to label it “Air Flask.") The next thing we 
need is a COMBUSTION FLASK. Draw it at 
the bottom of the page. Since compressed air 
goes through the combustion flask, draw an air 
line from the air flask straight down to com¬ 
bustion flask. Color the air in the air flask and 
the air line according to your key. 

Now, on one side of the air flask, draw the 
water compartment. On the other side draw the 
fuel compartment. (Don’t forget to label them.) 
Draw in the fuel line from the fuel compartment 
to the combustion flask, and the water line from 
the water compartment to the combustion flask. 
Color both compartments, and their delivery 
lines, according to your key. 

The mixture of hot gases that comes out of 
the combustion flask goes straight to the 
turbine. When you draw an opening at the 
bottom of the flask, put in an arrow pointing 
down. Label the opening “To Turbine." Now 
your diagram should look something like figure 
6 - 1 . 

There you have the principal parts of the 
air system. But the diagram is not complete. 
We need other parts to make the system useful 
in a torpedo. 

Let’s study the drawing to see what else 
we need. (You can put ln new parts by erasing 
and adding to your first drawing, or by making 
a new one—whichever seems easier.) First of 
all look at the air line. We need a valve ln this 


AIR FLASK 



Figure 6-1. —First diagram of the air system. 


line, because you’11 have to work on the rest 
of the system when the flask is charged. With 
a valve in the line, we can shut off the flask 
pressure from the rest of the system. So draw 
a STOP VALVE in the air line, justunder the air 
flask. 

With the stop valve closed, you can dis- 
assemble the afterbody from the air flask, £Ven 
when the flask is fully charged. m actual 
practice, you’11 keep the stop valve closed 
when the torpedo is out of the tube. You’U 
open it only to charge the flask, or when you 
want to test parts of the air system with flask 
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air. You open the stop valve by hand when you 
load the torpedo into the tube. 

Your main air line needs another valve. 
Otherwise the air would enter the combustion 
flask as soon as you opened the stop valve. 
There must be a valve that will open auto- 
matically when you fire the torpedo. So draw 
in a STARTING VALVE, between the stop valve 
and the combustion flask. 

Now check your fuelandwater lines. There’s 
no way for fuel and water to get into the combus¬ 
tion flask, except to trickle in. But when the 
torpedo is under way, wewantcompressedairto 
FORCE fuel and water into the flask. From your 
main air line, run a branch line to the top of 
the fuel compartment. And run another branch 
line to the top of the water compartment. Since 
there shouldn’t be any pressure in these com¬ 
par tments before you fire the torpedo, start the 
branch lines somewhere between the starting 
valve and the combustion flask. Draw arrows 
beside ali your lines to indicate which way the 
air and liquids will flow. Your drawing should 
look something like figure 6-2. 

Your second diagram of the air System 
(fig. 6-2) is a big improvement over the first 
(fig. 6-1). Now you can shut off the air pressure 
at the flask, to keep it from reaching the rest 
of the System. When you fire the torpedo, the 
starting valve will open automatically. Air will 
enter the combustion flask, and it will force 
fuel and water into the flask. 

Take another look at figure 6-2, and let’s 
see what else we need to add to make a useful 
air system. 

We need a CHARGING VALVE to charge the 
air flask. Draw it between the stop valve and the 
starting valve. 

Note that air will NOT flow to the rest of 
the system because it's blocked off at the 
starting valve. The starting valve opens only 
when you fire the torpedo. What opens it? 
For that, we need a STARTING GEAR. Put 
one in your drawing, at one side of the starting 
valve. The starting gear is operated by a 
starting lever, which projects upward on the 
outside of the afterbody Shell. When the torpedo 
begins to move forward in the tube, the starting 
lever strikes the tube tripping latch and is 
thrown aft. 

The starting gear is connectedto the starting 
valve by an air line. Add this line to your draw¬ 
ing. Beside it draw an arrow to show that air 


AIR FLASK 



Figure 6-2. —Second diagram of the air 
system. 


flows from the starting valve to the starting gear. 
The air in this line will be blocked off at the 
starting gear. When the starting lever moves 
aft, it lets air flow through this line, and the 
pressure in the line drops. The starting valve 
is designed to open when the pressure in this 
line drops. 

In your drawing, you have air at full flask 
pressure—2,800 psi—going to the combustion 
flask, and to the fuel and water compartments. 
That’s bad. Fuel and water will flow too fast, 
and your air supply will be used up too soon. 
You need a REDUCING VALVE to drop the flask 
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pressure down to a useful working pressure— 
about 500 psi. Draw in the reducing valve, 
between the starting valve and the branch lines 
to the fuel and water compartments. 

Now you have reduced pressure air going to 
the combustion flask, and to the fuel and water 
compartments. Use a new color, or a new kind 
of crosshatching, for reduced-pressure air. And 
make a new entry in your key. Your drawing 
should now look like figure 6-3. 

Your air system is stili incomplete. You’re 
wasting air at the starting gear. As soon as you 
fire the torpedo, air will begin to flow through 
diis gear. Instead of wasting the air, let’s 
run it back into the main air line. Since the 
air pressure drops because of the restrictions 
in the starting valve, bring the retura line 
in on the low pressure side of the reducing 
valve. 

In chapter 5 you were told that flask- 
pressure air is used to blow the exercise head 
at the end of the exercise run. The air-releasing 
mechanism in the exercise head opens auto- 
matically when the pressure in the flask drops 
to a predetermined value. Draw an air line 
from the top of the flask, going up toward the 
top of the paper, and label it “To Exercise 
Head." 

We need a valve in this line so we can close 
it off for a war shot. In the line that goes to 
the exercise head, draw in a BLOW VALVE. 

Look again at your water and fuel lines. 
There' s nothing there to keep fuel and water 
from trickling and sloshing into the combustion 
pot before you fire the torpedo. Draw a FUEL 
CHECK VALVE in your fuel line, between the 
fuel compartment and the combustion flask. 
This valve has a spring that holds it shut, and 
keeps fuel from trickling through the line. But 
as soon as working-pressure air enters the 
fuel compartment, the pressure of the fuel will 
overcome the spring pressure and open the 
valve. Then fuel can flow freely to the com¬ 
bustion flask. 

In your water delivery line, draw in a 
WATER CHECK VALVE. 

hi the air lines that go to the fuel and water 
compartments, there's nothing to keep fuel and 
water from backing up into the rest of the air 
system. So put an AIR CHECK VALVE in each 
of these lines. Springs keep these valves closed. 
As soon as the starting valve opens, air pressure 
will open both air check valves. Then working- 


pressure air will flow to the fuel and water 
compartments. 

Now your drawing should look like figure 6-4. 
(Remember that the parts of your. drawing 
don't have to be the same size and shape, or 
in the same place, as shown in figures 6-1 
through 6-5. H you have the parts connected 
properly, your drawing is correct.) 

What do we need now? We've learned from 
experience that the reducing valve works better 
with warm air than with cold air. That means 
we need a PREHEATER in the high-pressure 
air line. The preheater is simply a loop in the 
line, mounted in the afterbody where the turbine 
exhaust can flow over it. Draw a loop in your 
high-pressure air line to represent the pre¬ 
heater. Put it between the charging valve and the 
starting valve. 

Now your air system is complete except for 
the “odd jobs.” We use flask-pressure air to 
bring the gyro up to speed. So draw a branch 
air line to the GYRO-SPINNING MECHANISM. 
Start it at a point between the starting valve 
and the reducing valve. 

In the top of the combustion flask draw 
an IGNITER, and run a working-pressure air 
line to it. Make another working-pressure 
line for the control mechanisms. Run this 
line to an air strainer body. And from the 
AIR strainer body, run lines to the STEERING 
ENGINE and the DEPTH ENGINE. In the strainer 
holder caps of the steering engine and depth 
engine is a small porous bronze filter, which 
filters out dirt and dust before the air enters 
the engines. 

We use compressed air to keep the gyro 
spinning throughout the torpedo run. But 
working pressure is too high for the gyro. 
We need a GYRO REDUCER to drop the working 
pressure down to 125 psi. Draw an air line 
from the air strainer to the reducer, and from 
there to the gyro. 

Your drawing is now complete. It should 
look something like figure 6-5. (Remember: 
Your drawing does not necessarily have to look 
like this. It does not show what the parts 
actually look like, nor does it show exact 
positions. For example, the preheater is really 
in the turbine exhaust; the fuel and water 
compartments are up forward with the air 
flask; and the control mechanisms are in the 
afterbody.) 
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Figure 6-3.-Third diagram of the air system. 


Let's review the operatione of the air system 
durlng a war shot. But first let’s see how things 
are just before you fir6 the torpedo. 


The torpedo is loaded in the tube. The stop 
valve is open. The stop valve will let air 
flow to the starting gear; but the charging 
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Figure 6-4.— Fourth diagram of the air system. 
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Figure 6-5,—Fifth diagram of the air system. 
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valve is closed so that no air can leak outboard 
at this point. Since this is a war shot, the 
blow valve is closed. Flask-pressure air is in 
the preheater, on the starting valve, and in the 
line from the starting valve to the starting gear. 
There's no pressure in the system beyond this 
point. 

Here is what happens when you fire the 
torpedo. (Although we’ll list the operations in 
numbered steps, remember this: Assoonasthe 
starting valve opens, ali the rest of these 
operations happen almost simultaneously.) 

1. As the torpedo moves forward in the 
tube, the starting lever strikes the tube tripping 
latch and is thrown aft. 

2. The starting gear vents the line from 
the starting valve, and the pressure in this line 
drops. 

3. The starting valve opens. 

4. Flask-pressure air goes to the gyro- 
spinning mechanism, which spins the gyro and 
quickly brings it up to speed. (As you’11 learn 
in chapter 8, this mechanism shuts itself off 
as soon as the gyro reaches full speed. Then no 
more air is expended by the spinning mech¬ 
anism.) 

5. Flask-pressure air passes to the reduc- 
ing valve, which drops it to working pressure— 
about 500 psi. 

6. Air from the starting gear passes back 
into the system on the low-pressure side of the 
reducing valve. 

7. Working-pressure air flows into the 
combustion flask through an air whirl. 

8. Working-pressure air opens the air 
check valve in the line to the fuel compartment. 
The pressure in the fuel compartment opens the 
check valve, and fuel flows into the combustion 
flask through a fuel spray. 

9. Working-pressure air flows to the 
igniter and starts it burning. The igniter ignites 
the fuel-air mixture. 

10. Working-pressure air opens the air 
check valve in the line to the water compartment. 
The pressure in the water compartment opens 
the check valve, and water flows into the com¬ 
bustion flask through a water spray. 

11. A mixture of hot compressed air, com¬ 
bustion gases, and steam strikes the turbine 
blades and spins the turbine. The turbine, 
through the gears and shafts of the main engine, 
spins the propellers. 


12. Working-pressure air passes through 
the air strainer body to the depth engine. The 
depth engine will then operate the depth rudders 
as soon as it gets an order from the depth 
control mechanism. 

13. Air from the air strainer body goes to 
the steering engine. The steering engine will 
then throw the steering rudders as soon as it 
gets an order from the gyro. 

14. Air from the air strainer body goes 
through the gyro reducer, which drops its pres¬ 
sure to 125 psi. This low-pressure air keeps 
the gyro spinning at a constant rate. 

PARTS OF THE AIR SYSTEM 

Now you know what parts make up the air 
system, and you have a fair knowledge of what 
they do. Where do we go from here? We’ll 
take up these parts one by one, and Show you 
what they actually look like. We shall also 
Show you how they’re assembled in the torpedo. 
Until further notice, we're talking about the Mk 

14 and Mk 15 torpedoes only. 

Air Flask Section 

The air flask section is by far the biggest 
section of the torpedo. (In the Mk 14 it’s 
nearly half of the torpedo’s length. In the Mk 

15 it’s a little more than half.) The air 
compartment itself takes up most of the space 
in the air flask section. Figure 6-6 shows a 
cutaway view of the air flask section of a Mk 
15 torpedo. The left-hand end of this picture 
is forward. Note that part of the flask has been 
cut out; the flask is actually longer than that 
shown in the picture. (Ignore the cutout section, 
and this picture would be about right for the 
Mk 14 torpedo.) 

Air flasks are of two types. In both types, 
the flask is closed by a dome-shaped bulkhead 
at each end. In the older type FORGED flasks, 
both bulkheads are removable. The forward 
bulkhead is held on its seat by screws. The 
after bulkhead is secured by threads around 
its rim. The pressure in the flask holds both 
bulkheads firmly against their seats. In the 
newer, WELDED flasks, both bulkheads are 
welded in place and you can’t remove them. 

Figure 6-7 shows the forward bulkhead of a 
welded air flask. In its center is a small, 
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Figure 6-6.—Air flask section of the Mk 15 torpedo (cutaway view). 


removable bulkhead, which gives you access to 
the inside of the flask. A clamp and lock nut 
hold the small. bulkhead in place, and the 
pressure inside the flask forces it firmly against 
its seat. The small bulkhead is easy to remove 
when there's no pressure in the flask. Disconnect 
the blow valve line from the nipple (D in fig. 6- 7). 
Remove the clamp and lock nut. Usingthe special 
tool provided for this purpose, push the bulkhead 
in and rotate it 90° (so that the nipple is at one 
side instead of at the top). Turn it parallel to 
the deck. Then pull it toward you, out through 
the opening. The bulkhead is flattened on two 
opposite edges, and these flats pass through 
slots in the bulkhead seat. (In figure 6-7 the 
slots are hidden behdnd the clamp.) 

A nut and nipple connect the MAIN AIR 
PIPE to the after bulkhead of the air flask, as 
you can see in figure 6-8. (You're looking 
forward in the picture.) Notice thepigtail shape 
of this pipe. The pigtail lets the air flask 
bulkhead and the water compartment bulkhead 
expand and contract when the temperature 
changes, without putting any strain on the nipples. 

In figure 6-6, notice the DRY PIPE thatgoes 
straight into the flask from the main air pipe. 
At the end of the exercise run the torpedo 
floats almost vertically, with its tail down. The 
dry pipe prevents any water that may be in the 
flask from running down through the main air 
connection. 

On its forward face, the water compartment 
bulkhead supports the FUEL FLASK on four 



A. Small forward C. Lock nut 

bulkhead D. Nipple 

B. Clamp E. Blow valve 

4.63 

Figure 6-7. —Forward bulkhead of a welded 
air flask. 

brackets. Figure 6-9 shows the flask in place 
on the bulkhead. (Remember that this is the 
forward face of the bulkhead you're looking at.) 
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the main air pipe should break, air at full flask 
pressure would enter the water compartment. 
But, if this happens, a copper disc in the 
blowout plug will give way. The high pressure 
will be vented through the plug and into the 
midship section, without serious damage to the 
water compartment. 

In figure 6-9 you can also see the two 
nipples to which you connect the lines from 
the fuel flask—one for the air inlet pipe and 
the other for the fuel outlet pipe. 


Midship Section 

The midship section of the torpedo (F in 
figure 6-8) is very short. .It's a forged steel 
ring, riveted and soldered to the after end of 
the air flask section. Its afterend is machined 
to form a joint with the afterbody. 

Figure 6-10 shows the outside of the mid¬ 
ship section of a Mk 15 torpedo. (You are 
looking down at the top of the torpedo.) As 
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Figure 6-10.—Midship section of a Mk 15 torpedo. 
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you can see, the midship section carries the 
following parts; 

Stop valve 
Charging valve 
Fuel and water filling plug 
Fuel and water check valves 
Fuel and water strainers 
speed-setting socket 
Access hole to vent fitting 
Each of these parts is clearly marked on the 
outside of the midship section shell. 

Air, fuel, and water pass between the air 
flask section and the afterbody through five 
separate lines. You can secure the connections 
of these lines only AFTER you've assembled 
the afterbody to the air flask section. The 
openings in the midship section make this 
possible. 

These openings are clearly marked to show 
which fittings you can reach through them. 
Through the opening marked A in figure 6-10, 
you make two connections—a line from the reduc- 
ing valve to the air check valves, and the line 
from the stop and charging valves to the starting 
valve (by way of the preheater). Through 
opening G, you can connect the fuel and water 
lines that lead from the fuel and water check 
valves to the conibustion flask. And through 
opening M you can reach the vent fitting. (We’ll 
explain that later.) 

There’s another opening—low on the port 
side—that's not shown in figure 6-10. Through 
this opening you can install the ignite r and 
connect its air pipe. 

Figure 6-11 shows all the valves and fittings 
that are mounted on the after side of the water 
compartment bulkhead. In the assembled tor¬ 
pedo, all these parts are enclosed in the 
midship section. The valve groups are secured 
to the midship section shell by screws. Notice 
that the stop and charging valves are in a 
single body; the two air check valves are in a 
single body; and the fuel check valve and water 
check valve, along with the fuel and water 
strainers, are in a single body. 

Follow the main air pipe from the center of 
the bulkhead up to the stop valve. Air goes 
through the stop valve and the charging valve to 
a nipple on the far side of the stop valve. (This 
nipple is hidden in the picture; it's behind the 
air check valves.) To this nipple you connect 
the line that takes high-pressure air to the 
starting valve (by way of the preheater). 


On the air check valve body, find the inlet 
that receives air from the reducing valve. From 
the bottom of the left-hand air check valve, a 
line carries air to a nipple in the bulkhead, and 
from there into the fuel flask. From the bottom 
of the right-hand air check valve, another line 
carries air through the clamping nipple in the 
bulkhead rim, and into the water compar tment. 

Now find the lower of the two clamping 
nipples. On the water compartment sides of the 
bulkhead the water outlet pipe connects to this 
nipple. Figure 6-8, part D, shows the water 
outlet pipe.) On the after sides of the bulkhead, 
the water delivery line takes water from this 
clamping nipple up to the water strainer and 
water check valve. 

You can see the fuel delivery line in the 
upper left part of the figure 6-11. It carries 
fuel from a nipple in the bulkhead to the fuel 
strainer and fuel check valve. (Most of the 
line is hidden in the picture; it passes behind 
the air check valves and the stop and charging 
valves.) On the after side of the fuel and water 
check valve body (toward you in figure 6-11) 
you can see two nipples. To these you connect 
the lines that carry fuel and water to the com- 
bustion flask. 

There is a line from the air check valves, 
and another from the fuel and water check 
valves, leading to the vent fitting. Any air, 
fuel, or water that might leak past these valves 
during a run will go to the vent fitting. Another 
line leads back into the afterbody from the vent 
fitting. 

Stop and Charging Valves 

Figure 6-12 shows the stop and charging 
valve. By comparing this picture with figure 
6-11, you can see that the connection on the 
right leads to the air flask, and the one on the 
left goes to the starting valve. 

The stop valve plug makes an airtight 
connection against a washer on its seat. Inside 
the plug is the operating spindle. The small 
threaded follower screws into the inside of 
the plug. The shoulder on the operating spindle 
makes an airtight seal between the plug and the 
follower, so that no air can leak outboard 
through the stop valve. 

To open the stop valve, you turn the operating 
spindle. The spindle can't rise, because its 
shoulder is bearing against the plug. But the 
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Figure 6-11.—Valves and fittings on the water compartment bulkhead. 4.67 


square shank at the bottom of the spindle turns 
the threaded stop valve carrier. The carrier 
rises, and lifts the stop valve off its seat. 

The charging valve assembly consists of a 
plug valve and a spring-loaded check valve. To 
charge the flask, first remove the plug. Spring 
pressure on the check valve holds it shut, so 
that no air can leak outboard. You screw in the 


Air Check Valves 

Look at your schematic drawing again and 
see if you can remember why you drew in the 
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Figure 6-12.— Stop and charging valves. 
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air check valves. They're there to keep fuel 
and water from leaking back into the rest of 
the air system before you fire the torpedo. 
Figure 6-13 shows both a cutaway and a dis- 
assembled view of the valves. (The two valves 
are identical.) 

Before you fire the torpedo, springpressure 
holds both valves closed. When air from the 
reducing valve enters through D, it filis the 
passage around both valves. Air presses down 
on the flat shoulder at the bottom of the valve. 
And it passes up against the beveled surface 
on the bottom face of the valve. (Look at the 
valve in the disassembled drawing.) Because 
the beveled surface is larger than the flat 
surface, there's more for ce pushing up than 
down. So as soon as working pressure enters 
through D, both valves open, and deliver air to 
the fuel flask and the water compartment. 

If there is a slow leak in the system before you 
fire the torpedo, air might leak between the valve 
and its spindle, and fili the space above the valve. 
Then, when air entered through D, the valve would 
either open sluggishly, or not at all. Wehave to 
vent the space above the valves to keep any 
pressure from building up in it. In both valves, 
the space above the valve plug and guide is open 
to the outlet C that leads to the vent fitting. When 
you fire the torpedo, and the valves open, the flat 
surface of each valve seats firmly against its 
guide. Then no more air canflowout through C. 

The air check valves also serve as a 
safety feature, in case leakage builds up excess 
pressure in the fuel flask or water compartment. 
If this pressure rises above 5 psi, it unseats 
the check valves, and the pressure passes out 
into the combustion flask. (If you don't under- 
stand this, take another look at your schematic 
diagram, or at figure 6-5.) 

The restriction at E (fig. 6-13) is another 
safety feature. A quick surge of air into the 
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compartment 

—Air check valves. 
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valve might put enough pressure in the fuel or 
water compartment to crush the fuel flask. 
The restriction prevents any sudden rise of 
pressure, and lets the pressure build up in the 
fuel flask and the water compartment at the 
same time. 


_r 


PLUG 




WASHER 


Fuel and Water Check Valves and Strainers 

The fuel check valve, the water check valve, 
and the two strainers are all housed in a single 
body. Figure 6-14 shows this assembly. The 
bottom of the picture is a cutaway view. At the 
top of the picture, the parts on one valve and 
one strainer have been disassembled. The two 
strainers are identical, as are the two valves. 

Fuel and water enter the combustion flask 
in a fine spray. The two strainers filter out 
any particles of dirt that might clog up the 
spray mechanism. Fuel and water enter through 
the top of the strainers, and pass out through 
the sides. From there theygo through apassage 
in the housing to the under side of the check 
valve seat. 

The fuel and water check valves are much 
like the air check valves. They block off the 
fuel and water lines, and keep fuel and water 
from leaking into the combustion flask before 
you fire the torpedo. Like the air check valves, 
these valves are vented at the top. Any air, fuel, 
or water that leaks up between the valve and its 
guide will pass out through the ventfitting. When 
working-pressure air entersthe water compart¬ 
ment and the fuel flask, fuel and water force the 
valves up off their seats, and flow to the com¬ 
bustion flask. When the valves open, they form 
tight seals against their guides, to prevent any 
further leakage through the vent fitting. 

Turbine Bulkhead 

The turbine bulkhead closes the forward end 
of the torpedo’s afterbody. On its after side it 
supports the main engine. On its forward side it 
carries several parts of the air system. Figure 
6-15 shows the forward side of the turbine bulk¬ 
head, with most of the pipes removed. 

Note that the bulkhead is dished forward at 
the top, to form the turbine pocket. As you will 
see in chapter 7, the turbines are just on the 
other side of the bulkhead, in a horizontal posi- 
tion, near the top of the torpedo. The forward 
edges of the turbines extend into the turbine 




A. Fuel outlet to combustion 

flask 

B. Water outlet to combustion 

flask 

C. Outlet to vent fittings 

D. Water ini et from water 

compartment 

E. Fuel inlet (hidden behind 

housing from fuel flask 

Figure 6-14.—Fuel and water 
strainers and check valves. 


pocket. The turbine pocket supports the nozzle 
unit. (Find it in figure 6-15.) Inside this unit are 
the nozzle through which the hot gases from the 
combustion flask flow to the turbine. 
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TURBINE POCKET 



AIR FROM 
PRE-HEATER COIL 


AIR TO 
PRE-HEATER 
COIL 


WATER SPRAYS 


NOZZLE UNIT 


— SP EED CHANGE 
MECHANISM 


STARTING AND 
REDUCING VALVE 
GROUP 


COMBUSMON FLASK 


FUEL SPRAY 


IGNITER 


Figure 6-15. — Forward face of turbine bulkhead, with pipes removed. 4.71 


Notice that the starting valve and reducing 
valve are combined in a single housing. We 
left out the restriction valve, to keep your 
schematic simple. The air, fuel, and water ali 
pass through restrictions before they enter the 
combustion flask. The restriction valve is in the 
same housing as the starting and reducing valves. 

Figure 6-16 shows the forward face of the 
turbine bulkhead with all its pipes in place. 


The pipes make it look a little complicated. But 
if you compare it with your schematic diagram 
(or fig. 6-5) as we explain it, you’11 have no 
trouble understanding it. 

(When the torpedo is assembled, all the se 
parts are enclosed by the midship section. But 
because they're attached to the turbine bulk¬ 
head, they're usually considered part of the 
afterbody.) 
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FUEL PIPE (fuel check to restrictiori volve) 
WATER PIPE (woter check to restrictiori vc 


AIR PIPE (storting gear return) 


VENT PIPE 

V 

/ 


AIR PIPE (reducing valve to air check valves) 


MAIN AIR PIPE (stop and charging valve 
to pre-heater) 


MAIN AIR PIPE 

(pre-heater to starting valve) 


AIR PIPE (starting valve 
to starting gear) 


AIR PIPE 
(reducing 
valve to 
valve) 

FUEL PIPE 
(restriction 
valve to fuel 
spray) 


PIPE 
(reducing valve 
to igniter) 


AIR PIPE (combustion flask 
to air strainer body) 
FUEL SPRAY 


WATER SPRAYS 


AIR PIPE (starting valve 
to gyro spin) 


STARTING AND REDUCING 
. VALVE GROUP 


WATER PIPE (restriction valve to water sprays) 


Figure 6-16. —Forward face of turbine bulkhead, with pipes attached. 


You remember that five different pipes pass 
through the midship section, carrying air, fuel, 
and water to and from the afterbody. Find these 
pipes in figure 6-16. 

At the left side of the picture, above the 
middle, you can see the vent pipe that carries 
any leakage of air, fuel, and water from the 
check valves into the afterbody. 


At the top of the picture, to the right of 
center, is the main air pipe. This pipe goes 
through the bulkhead to the preheater. (The 
preheater is simply a double loop in the pipe 
in the pathof the exhaustgases from the turbine.) 
Just under the connection that takes air through 
the bulkhead to the preheater, you can see the 
pipe that brings it back. From the bulkhead, 
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this pipe takes air directly into the starting 
and reducing valves. 

Under the main air pipe to the starting and 
reducing valves you can see the low-pressure 
end of the reducing valve, with three pipes 
leading away from it. Follow the one that goes 
to the right. It bends up to the top center of 
the picture. This is the pipe that takes working- 
pressure air from the reducing valve, through 
the two air check valves, to the fuel flask and 
the water compartment. 

At the top of the picture, to the left of 
center, you can see the pipes that carry fuel and 
water to the restriction valve. Follow the fuel 
pipe down through the restriction valve—the 
pipe comes out undemeath the valve—to the fuel 
spray in the combustion flask. The water pipe 
goes down through the restriction valve, comes 
out on the bottom of the valve, and then divides. 
It carries water to TWO water sprays in the 
combustion flask. 

Now find the point near the center of the 
picture where a pipe goes to the left from the 
starting valve. This pipe carries high-pressure 
air from the starting valve, through the bulk- 
head, to the gyro-spinning mechanism. The 
large pipe that comes out of the lower part of 
the valve group carries working-pressure air 
into the combustion flask. 

Look again at the low-pressure end of the 
reducing valve. Find the pipe that comes toward 
you, and then goes to the left. You remember 
that the air that goes through the starting gear 
comes back into the system on the low-pressure 
side of the reducing valve. This is the pipe it 
goes through. Attached to the same fitting, at 
the right-hand end of the reducing valve is a 
pipe that goes up. It bends around behind the 
main air pipe, and then goes down to the igniter. 
(The igniter, you remember, is operated by 
working-pressure air.) 

Starting in almost the exact center of the 
picture, (fig. 6-16) and running a short distance 
to the right, is the control pipe on the reducing 
valve. This pipe merely carries air from one 
part of the reducing valve to another. You’11 
see later what it's for. Starting near the 
right-hand end of the pipe (hidden behind the main 
air pipe that goes into the starting valve) is 
the pipe that carries high-pressure air from 
the starting valve to the starting gear. You can 
see where it goes through the bulkhead—at the 
right-hand edge of the picture justbelow center. 


Just below the point you can see another pipe 
going through the bulkhead. This one carries 
air from the reducing valve to the control 
valve. (We’11 explain the control valve later.) 

Figure 6-17 shows the starting and reducing 
valve group removed from the bulkhead. It’s 
labeled at every point where air, fuel, or water 
goes in or out. Study the position of these inlets 
and outlets carefully. And compare figure 6-17 
with figure 6-15. Then, if the maze of pipes on 
the turbine bulkhead stili seems hard to under- 
stand, go through the explanation again. Anddon’t 
forget to refer to your schematic diagram. 

Figures 6-15, 6-16, and 6-17 Show parts of 
the Mk 15 torpedo. The same parts of the Mk 14 
torpedo are almost identical. Figure 6-18 is a 
schematic diagram of the starting and reducing 
valve group. This, too, refers to the Mk 14 
and Mk 15 torpedoes. 

Look at the starting valve first. When the 
stop valve is closed, there’s no air pressure 
on either side of starting valve. Its spring 
holds it closed. When you open the stop valve, 
flask-pressure air flows in through the passage 
marked "1”, and surrounds the bottom part of 
the valve. A deep groove runs ali the way around 
the bottom of the valve, and flask-pressure 
air filis this groove. It pushes up against the top 
of the groove, and pushes down against the 
bottom of it. 

NOTE: When we say “up” and “down,” 
we’re referring only to the diagram in figure 
6-18—not to the actual valve as it’s assembled 
in the torpedo. 

Since the flask-pressure has a large r areato 
push up on than to push down on, it tends to 
push the valve up, and open it. Butwhile 
you're opening the stop valve, air leaks up 
through a small passage in the starting valve 
and filis the space above it. This air goes 
through the connection at “2” to the starting 
piston of the starting gear. But until you fire 
the torpedo, this passage is blocked off at the 
starting gear. By the time the stop valve isfully 
open, the space above the starting valve is 
filled with flask-pressure air. Since the air is 
now pushing down on a much larger area than 
it's pushing up on, air pressure helps the 
spring keep the starting valve closed. 

You already know what happens when you fire 
the torpedo. The starting gear opens the air 
line, and the pressure above the starting valve 
is released. The pressure at the bottom of the 
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NIPPLE FOR STARTING 
GEAR RETURN PIPE 


Figure 6-17. — Starting and reducing valve group. 


valve opens it, and flask-pressure air flows into 
chamber “3.” From there the pressuregoesto 
three different places. It goes to the right, and 
flows around the bottom end of the reducing 
valve stem. It goes through the control pipe 
(6), through small restrictions at (9), and into 
the control chamber (7). And it goes through 
the outlet to the gyro-spinning mechanism. 

Find the letters A, B, C, and D on the 
lower part of the reducing valve stem. These 
letters refer to the different cross-sectional 
areas that the air pressure acts on. In the 
picture, the valve is partly open. Use your 
imagination to picture the valve stem in a 
higher position, with the valve completely closed. 
Then you'11 have flask pressure pushing upward 
on the area A minus B. And it will be pushing 
downward on the area C minus B. (Checkthis in 
the diagram.) Since A minus B is bigger than C 
minus B, the net force is upward, and the valve 
stays closed. 

But air is also going through the control 
pipe (6) and the restrictions (9), into the control 
chamber (7). There it pushes down on area E, 
and forces the valve open. As soon as the valve 
is open, air flows into the reduced-pressure 
chamber (8). And there it pushes up against 


area D, and tends to close the valve again. So 
the valve stem moves up and down until it finds 
a point at which the upward forces exactly bal- 
ance the downward forces. 

The control valve is a spring-regulated 
leak-off for the control chamber. As air 
pressure builds up in the control chamber, 
it moves the control valve against the pressure 
of its spring. Because the restrictions at “9” 
are small, pressure builds up rather slowly 
in the control chamber. When it reaches a 
certain preset value, the piston of the control 
valve uncovers a groove in the control valve 
housing and some of the air leaks out. So the 
control valve serves to keep the pressure in 
the control chamber constant. The actual pres¬ 
sure on the reduced-pressure side of the valve 
depends on the pressure in the control chamber. 
You can adjust the workingpressure, to a certain 
extent, by adjusting the pressure on the control 
valve spring. 

As the torpedo uses up the air in the air 
flask, the flask pressure gradually drops. But 
the working pressure remains constant. And 
you can easily see why. Should the pressure 
in chamber “8” drop, the upward pressure on 
area D would drop also. The valve would open 
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Figure 6-18. —Schematic diagram of the starting and reducing valve group. 4.74 


wider, letting more airinto“8.” Ifthe pressure 
in “ 8 ” should get too high, it would tend to 
close the valve, and bring the working pressure 
back down to normal. 


From the reduced-pressure chamber (8) the 
working-pressure air goes to three places. It 
goes through “11” to the igniter. It goes 
through “12” to the air-check valves. And it 


93 


Digitized by 


Google 








































































































TORPEDOMAN'S MATE 3 & 2 


goes through the restrictiori in the restriction 
valve, into chamber “5,” and from there to the 
combustion flask. You can see two other pas- 
sages through the restriction valve stem—one 
about halfway up and one near the top. Fuel and 
water pass through these two upper passages. 
(The restriction valve is sometimes called the 
“distribution valve.”) 

The passage through the restriction valve 
control the rate at which air, fuel, and water 
enter the combustion flask. You can change the 
delivery rate, and therefore the running speed 
of the torpedo, by turning the restriction valve 
stem on its axis. Turning the valve stem will 
bring other passages, of different diameter, 
into position. 

As you can see in figure 6-17, there's a 
spur gear on the end of the restriction valve 
stem. When you make the speed setting, the gear 
train of the speed setting mechanism (figure 
6-15) drives the spur gear, and turns the re¬ 
striction valve stem to the proper position. 

Because the Mk 15 is a 3-speed torpedo, 
there are three passages through its restriction 
valve. The Mk 14 torpedo, withonly twospeeds, 
has two sets of passages. 

COMBINATION FLASK AND NOZZLE 
UNIT 

Figure 6-19 is a picture of the combustion 
flask and the nozzle unit of a Mk 14 torpedo. 
Figure 6-20 is a diagrammatic view ofthesame 
parts in a high speed setting. 

Air from the restriction valve enters through 
a fitting near the end of the flask. Through a 
nipple on this fitting, part of the air goes to the 
air strainer body to operate the steering and 
depth engines. The rest of it enters the flask 
through a WHIRL or PREMIXER, which gives 
it a spinning motion. The fuel and the whirl- 
ing air mix thoroughly, and the igniter starts 
the mixture burning. Once ignited, the fuel and 
air mixture keeps burning without any further 
help from the igniter. The igniter burns out 
after about 25 seconds. 

The two water spray holders are longer 
than the fuel spray holder, and they're set 
deeper into the combustion flask. That gives 
the air-fuel mixture a chance to burn before 
it meets the water spray. 

The hot combustion gases pass from the 
combustion flask to the nozzle unit. They 


NOZZLES 



4.75 

Figure 6-19. —Combustion flask and nozzle 
unit. 


strike the blades of the first turbine wheel, 
and start it spinning. The gases are deflected 
from the blades of the first turbine wheel 
and strike those of the second turbine wheel, 
and spin it in the opposite direction. (We 
need two turbine wheels, spinning in opposite 
directions, so that their gyroscopic action will 
cancel out. The gyro action of a single turbine 
wheel would interfere with steering the torpedo. 
You'11 learn about gyro action in chapter 8.) 

Notice in figure 6-20 that the combustion 
gases pass through five separate nozzles before 
striking the first turbine wheel. When the 
nozzle valve enters the nozzle unit, it will 
block off three nozzles, leaving only two of 
them open. 

The diagram in figure 6-20 represents the 
nozzle unit of a Mk 14 torpedo. The Mk 14, 
you remember, has two speeds. In the high 
speed position, all five nozzles are open. In 
the low speed position, only two of them are 
open. 
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The Mk 15 torpedo gives you a choice of 
three speeds, and its nozzle valve has three 
different positions: 

High speed—all five nozzles open 
Intermediate speed—two nozzles open 
Low speed—one nozzle open 

Speed Change Mechanism 

When you change the speed setting in a 
Mk 15 torpedo, you do three things: 

1. Change the size of the restrictions in 
the distribution valve. 

2. Change the number of nozzles covered 
by the nozzle valve. 

3. Shift the gears in the main engine. 


Figure 6-21 is a diagrammatic view of the 
speed change mechanism of the Mk 15 torpedo. 
To change the speed setting you insert the setting 
tool in the Socket and turn it. The setting tool 
rotates the operating shaft. The shaft, through 
its gear train, turns the restriction valve stem. 
One of the gears in this train meshes with a 
rack on the lower end of the nozzle valve stem, 
so that turning the operating shaft will raise 
or lower the nozzle valve. 

Mounted on the operating shaft is a cam. 
The insert in the upper right of figure 6-21 
shows how the cam change s the rotary motion 
of the shaft to a fore-and-aft motion of the gear 
shift operating rod. In chapter 7, we’ll show 
you how this rod shifts the gears. 




COMBUSTION FLASK 


NOZZLE VALVE 


AIR WHIRL 


FUEL SPRAY 


WATER SPRAY 


SECOND TURBINE WHEEL 
FIRST TURBINE WHEEL 


AIR TO COMBUSTION FLASK 


Figure 6-20.—Diagrammatic view of combustion flask and nozzle unit. 4.76 
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Figure 6-21.—Speed change mechanism of the Mk 15 torpedo. 4.77 
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Figure 6-21 refers to the Mk 15 torpedo. 
The Mk 14 has no intermediate speed. Its speed 
setting mechanism differs from that of the 
Mk 15 in three ways: 

1. The restriction valve stem has only two 
possible positions, instead of three. 

2. The nozzle valve has only two positions, 
instead of three. (Compare the nozzle valve of 
Mk 15 in figure 6-21 with that of the Mk 14 
in figure 6-20.) 

3. The Mk 14 doesn't shift gears; its speed 
depends only on its restriction valve and its 
nozzle valves. There’s no cam on the operating 
shaft, and no gear shift operating rod. 

Ignite r 

When you're transporting a torpedo, or 
overhauling it, you keep a dummy igniter in 
place in the combustion flask. When you ready 
the torpedo for firing, you replace the dummy 
with a real igniter. Then you remove the pro- 
tecting nut and lead disc, and attach the air 
line from the reducing valve. Figure 6-22 is a 
cutaway view of Igniter Mk 6 Mod 4. 

When you launch the torpedo, air from the 
reducing valve enters the igniter through the 
reduced-pressure air inlet. (Find it in figure 
6-22.) The air pressure, acting through the 
rubber diaphragm, presses down on the housing. 
The sheer nibs hold the housing in place until 
air pressure builds up to about 250 psi. 
Then they suddenly give way. The housing and 
firing pins snap down, and fire the primer caps. 
Flame from the caps spurts down through the 


two ignition tubes, blows out the end seal, and 
lights the ignition charge. The ignition charge 
burns from the bottom upward. 


SOURCES OF CONFUSION 

In this chapter we’veused two different terms 
for air at two different pressures: 

FLASK-PRESSURE AIR, by which we mean 
the air in the air flask at the time you launch 
the torpedo. Its pressure is 2,800 psi. 

WORKING-PRESSURE AIR, by which we 
mean the air supplied to the liquid tanks and 
the air strainer body by the reducing valve. Its 
pressure is about 500 psi. 

The term "high-pressure air” is often used 
to refer to what we call ‘ 'flask-pressure air.” 
Some torpedo specifications use the term 
"working-prqssure air” to refer towhatwecall 
"flask-pressure air.” What they actuallymean 
is the working pressure of the air flask, as 
opposed to its hydrostatic test pressure (4,000 
psi). 

Many OP's use the term “reduced-pressure 
air” for what we call “working-pressure air.” 
We've avoided that term here because it makes 
no distinction between working pressure (about 
500 psi) and gyro-sustaining pressure (125psi). 


REFERENCES 

OP 635, Torpedoes Mk's 14 and 23 Types. 
OP 642, Torpedoes Mk 15 Type. 
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Figure 6-22,—Igniter Mk 6 Mod 4. 
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QUIZ 


1. Explain the difference between a cold tor¬ 
pedo run and hot torpedo run, 

2. Why is water injected into the combustion 
pot? 

3. Name some of the jobs that compressed 
air does in the torpedo. 

4. What is the function of the stop valve? 

5. For a war shot, should the blow valve be 
open or closed? Why? 

6. What is the purpose of the fuel and water 
check valve s? 

7. What is the purpose of the air check valve s? 

8. Where is the preheater located? What is 
its purpose? 

9. From the air strainer body, air goes to 
three places. Name them. 

10. What is the main difference between the 
forged and the welded air flask? Which 
is the newer type? 


11. In a Mk 14 or Mk 15 torpedo, where is 
the fuel flask located? Why does it ha ve 
a hole in the middle? 

12. Why is the main air pipe, between the 
after bulkhead of the air flask and the 
water compartment bulkhead, shaped like a 
pigtail? 

13. Why do we allow sea water to flood the 
midship section when the torpedo is under 
way? 

14. In a Mk 15 torpedo, fi ve pipes pass from the 
air flask-midship section to the after body. 
Teli what each pipe carries. 

15. Explain briefly, the jvorking principle of 
a reducing valve. 

16. In the Mk 15 torpedo*, what are the com- 
ponents of the speed change mechanism? 
Which of these is NOT a part of the Mk 14 
torpedo? 
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CHAPTER 7 

AFTERBODY AND TAIL SECTIONS 


The afterbody and tail are the last two 
sections of the torpedo. The forward partofthe 
afterbody is a cylinder; the after part is a 
truncated cone. The cylindrical part curves 
gently into the conical part. 

These are the principal parts of the afterbody: 

1. Several parts of the air system: the 
starting gear, the air strainer body, the gyro 
reducer, the preheater, and the control valve. 

2. The main engine, including the turbines, 
gears, and drive shafts, and the frames and 
bearings that support these parts. 

3. The lubrication system for the main. 
engine, including an oil pump and two oil tanks. 

4. The exhaust pipes. 

5. The control mechanisms, including the 
gyro mechanism, depth mechanism, steering 
engine, and depth engine. 

Figure 7-1 is a cutaway view of a Mk 14 
torpedo. It shows the torpedo from the port 
side. We suggest that you study this figure. 
Go through the key, two or three times and find 
the parts in the figure. Learn thenames of the 
parts and their location. Then as we describe 
each part, tum back to this figure to see how 
that part fits in. After you finish the chapter, 
give this figure a final review. 

PARTS OF THE AIR SYSTEM 

CONTROL VALVE 

Ih figure 7-1, (52) is the control valve. You 
studied the control valve in chapter 6. As you 
remember, it’s a controlled leakoff for the 
reducing valve. Find the pipe (47) that takes 
air from the reducing valve to the control valve. 
A short pipe (not numbered in figure 7-1) 
takes the exhaust air from the control valve 
up to the air strainer body (29). 

PREHEATER 

The preheater (marked 15 in figure 7-1) is 
simply a double loop of pipe, mounted in the top 


of the afterbody where the exhaust gases from 
the turbines can pass over it. The ends of the 
pipe that form a preheater carry flask-pressure 
air to and from the turbine bulkhead. Both 
Mk 14 and 15 torpedoes have a preheater. It is 
in the position shown in figure 7-1. You can 
see it from another angle in figure 7-13. 

STARTING GEAR 

The starting gear in all air steam torpedoes 
is mounted at the top of the afterbody Shell. 
We’ll review briefly what it does. When you 
open the stop valve, flask-pressure air banks 
up in the line between the starting valve and 
the starting gear. When the torpedo begins to 
move forward at the instant of firing, the 
tripping latch in the tube trips the starting 
lever on the torpedo’s starting gear, throwing 
it aft. The starting valve opens. And the air 
that goes through the starting gear returas to 
the low-pressure side of the reducing valve. 
The starting gear is (25) in figure 7-1. The pipe 
(27) brings flask-pressure air from the starting 
valve to the starting gear. The pipe (16) takes 
air back to the reducing valve. Trace these 
two pipes in figure 7-1, from the turbine bulk¬ 
head to the starting gear and back to the 
turbine bulkhead. 

The basic principle of the starting gear is 
the same in all torpedoes. But because they’re 
different in design, we'll discuss them sep¬ 
ar ately. 

Starting Gear of the Mk 14 Torpedo 

Figure 7-2 Show the starting gear for a Mk 
14 torpedo. In figure 7-3, the starting piston 
body has been cut away to show the starting 
piston and the air passages. In both pictures 
you’re looking at the starboard side of the gear. 
The right-hand end of the picture is forward. 

In figure 7-3, the starting piston is seated, 
and no air can pass through the starting gear. 
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Figure 7-1. — Afterbody of a Mk 14 torpedo (cutaway view). 
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A. Index spindle C. Starting piston 

B. Starting lever body 

Figure 7-2. —Starting gear of a Mk 14 torpedo. 

The starting lever (A) is in its forward position, 
ready to be tripped. The trip cam spring (G) 
is connected at the bottom of the starting gear 
frame, and at the top to the trip cam. (Most of 
the trip cam is hidden in figure 7-3; you can 
see only a part of the pivot it turns on.) The 
bottom part of the starting lever is mounted on 
the shaft of the trip cam. The spring (G) is 
under tension. It tends to rotate the trip cam 
clockwise (when you're looking from the star- 
board side, as you are in figure 7-3). And the 
spring, through the trip cam, holds the starting 
lever in its forward position. 

The piston lift (E) is in its lowest position. 
The unlocking lever, which pivots at the bottom, 
is under spring tension, so that its upper part 
tends to move forward (to the right). (You can 
see the spring of the unlocking lever in figure 
7-2. It's been removed in figure 7-3.) The 
unlocking lever can't move, because it'sbearing 
against the catch that extends to the left from 
the piston lifter (C). 

Now let's see what happens when you fire the 
torpedo. (The starting lever strikes the tripping 
latch in the tube and is thrown aft (to the left in 
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A. Starting lever 

B. Ini et for air from 

starting valve 

C. Piston lifter 

D. Unlocking lever 

E. Piston lift 


F. Starting piston (in 

closed position) 

G. Trip cam spring 

H. Outlet for air re¬ 

tura to reducing 
valve 


Figure 7-3.—Starting gear of a Mk 14 torpedo 
(cutaway view). 


the pictures).) The starting lever turns the 
tripping cam counterclockwise, against the 
tension of its spring. The tripping cam pulls 
the piston lift up. The piston lift raises the 
piston lifter (C), which unseats the piston. The 
piston lifter turns on its pivot, so the catch that 
extends to the left goes down. The unlocking 
lever then snaps to the right. It holds the catch 
down. The catch, in tura, holds the piston 
lifter up, so that the starting piston will be 
held off its seat throughout the torpedo run. 

Before you charge the air flask, you have to 
seat the starting piston by hand. In figure 7-2 
you can see the index spindle (A). A special tool 
fits over the square head of the spindle. When 
you tura the spindle, the unlocking cam pushes 
the unlocking lever back. That frees the catch. 
Then the piston lifter, the piston lift, the tripping 
cam, and the starting lever can all retura to 
their original positions. And the starting piston 
can retura to its seat. 
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Starting Gear of the Mk 15 Torpedo 

The starting gear of the Mk 15 is similar to 
that of the Mk 14. But the Mk 15 gear has an 
added feature—the inertia weight. The inertia 
weight hangs like a pendulum from the starting 
gear body. A spring holds it in its forward 
position. When the torpedo suddenly moves 
forward at the instant of firing, the inertia weight 
provides part of the force that unseats the 
starting piston. 

The inertia weight and the starting lever 
work together to lift the starting piston. Neither 
can do it alone. This gives the inertia-type 
starting gear an added safety feature. It's im- 
possible to start the torpedo accidentally just 
by tripping the starting lever. 

Figure 7-4 shows the starting gear oftheMk 
15 torpedo in tripped position. (You're looking 
at the starboard side of it.) Thethree diagrams 
in fieure 7-5 show how it works. 



WEIGHT 


STARTING LEVER 

\ 

AIR FROM STARTING VALVE 


STARTING 
GEAR BODY 


LATCH 

INDEX 
SPINDLE 

INERTIA 

LOCKING 
LEVER 

TRIPPING CAM 
TRIPPING 


FORWARD 

TRIP CAM 

PISTON 

PISTON LIFTER 
TOGGLE 
TOGGLE LINK 
TOGGLE 

LOCKING LEVER 


AIR TO 
REDUCING VALVE 


4.82 

Figure 7-4.—Starting gearof the Mk 15 torpedo 
in tripped position. 


In the upper diagram of figure 7-5, the 
inertia weight is forward (to the right). Its 




O— C 


POSITION OF PISTON 
LIFT BEFORE STARTING 
LEVER IS TRIPPED 


NORMAL POSITION BEFORE FIRING 



OPERATION BY STARTING LEVER 



POSITION OF 
PISTON LIFT AFTER 
STARTING LEVER 
IS TRIPPED 




POSITION OF STARTING 
PISTON WHEN FIREC 


OPERATION BY INERTIA WEIGHT 
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A. Starting lever 

B. Spring and spring 

rod 

C. Piston lifter 

D. Starting piston 

E. Trip cam 

F. Toggle 

G. Toggle link 

H. Inertia weight 
Figure 7-5. 


I. Inertia latch 

J. Inertia latch arm 

K. Inertia latch lock- 

ing lever 

L. Tripping cam on 

index spindle 

M. Index spindle 

N. Tripping slide 

O. Toggle locking lever 


—Operation of the Mk 15 starting 
gear. 
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spring holds it there. (The springdoesnotshow 
in the picture.) The starting lever (A) is also 
forward, and it’s held in place by its spring (B). 

The middle. diagram of figure 7-5 shows 
what happens when the tripping latch throws the 
starting lever aft. The starting lever turns the 
trip eam (E) which turns the toggle (F). The 
toggle lifts the toggle link (G) and the toggle 
link carries the piston lifter (C) up toward the 
starting piston, but not far enough to unseat the 
piston. The toggle locking lever (O) locks the 
toggle and holds the piston lifter in position. 

In the bottom diagram you can see how the 
inertia weight completes the action of the starting 
gear. The weight lags aft (to the left). The 
inertia weight rotates the lug on the inertia 
latch (I), and that raises the inertia latch arm 

(J) . The inertia latch arm lifts the toggle link 
(G) and the piston lifter (C). The piston lifter 
completes its upward travel and unseats the 
starting piston. The inertia latch locking lever 

(K) catches the inertia latch (I) and holds the 
inertia weight aft. 

To seat the valve by hand, you tum the index 
spindle. The cam on the spindle moves the 
tripping slide, which unlatches the mechanism 
and allows the stop piston to retura to its seat. 

GOVERNOR 

The governor is a safetyfeature. Itstops the 
torpedo if its propellers reach an excessive 
speed—more than 1,700 rpm. The propellers 
will reach an excessive speed if they’re out 
of the water during a hot run. That will happen 
if you accidentally trip the starting lever of a 
fully ready torpedo, or if the torpedo makes a 
high broach during its run, or if it runs up on 
the beach. If the propellers are out of the water 
for more than afewsecondsduringahot run, the 
main engine will tear itself .to pieces. The 
governor stops the torpedo before that can 
happen. 

Figure 7-6 shows the governor of a Mk 14 
torpedo. During the-torpedo run, a gear on the 
oil pump spins the governor (A in figure 7-6) 
in its bearings. The gear is marked B in the 
illustration. 

There are two spring-loaded plugs inside 
the governor body. When the governor is not 
turning, the springs hold the two plugs inside the 
body. When the governor turns, centrifugal 
force pushes the plugs out, against the tension 


of their springs. The faster the governor spins, 
the farther the plugs extend from it. 

As you remember, an air pipe takes air 
from the starting gear back to the low-pressure 
side of the reducing valve. m both Mk 14 and 
Mk 15 torpedoes, this air passes through a 
GOVERNOR VALVE. 

When the torpedo is running at normal 
speed, the governor valve is open. But, if the 
engine reaches an excessive speed, one of the 
plugs of the governor strikes the governor trip, 
which allows the valve to close. Then high- 
pressure air banks up in the line from the gov¬ 
ernor valve to the starting gear. And it banks 
up in the line from the starting gear to the 
starting valve. When pressure builds up above 
the starting valve, the valve closes and stops 
the torpedo. 

Only one of the two plugs can strike the 
governor trip. The other plug is there for 
balance, so that the governor can spin without 
vibration. Inside the body of the governor is a 
small pinion gear. This gear meshes with a rack 
that’s cut on the side ofeachplug. Since the two 
plugs are connected through the pinion, they 
will always extend the same distance from the 
governor—even if one spring is stronger than the 
other. This feature ensures that the governor 
will stay in balance and spin with a min imum 
of vibration. 

MAIN ENGINE 

The main engine is located entirely in the 
afterbody section. It is made up of the turbine 
wheels; gear shafts that take power from the 
turbines to the drive shaft; and spindles, shafts, 
bearings, etc., that support these parts. Figure 
7-7 shows the main engine of a Mk 15 torpedo, 
viewed from the starboard side. 

The two turbines, you remember, tura in 
opposite directions at the same speed. The 
gyroscopic action of one turbine cancels the 
gyroscopic action of the other. A turning gear 
will also have gyro action that would interfere 
with steering the torpedo. We get around that by 
designing a "balanced” engine. All the gears 
are in pairs. In each pair, the two gears tura 
at the same speed in opposite directions. Their 
gyro actions cancel each other. In figure 7-8, 
find all the gear pairs, as the two— 

Turbine pinions 

Main drive gears 
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Figure 7-6. — Governor of a Mk 14 torpedo. 
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Figure 7-7.—Main engine of a Mk 15 torpedo. 
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Bevel pinions 

Bevel gears 

Let’s trace the turning for ce through the 
engine in figure 7-8. (Here you are looking at 
the port side of the engine, from a little 
below the torpedo. The two turbines and the 
two main drive gears are horizontal.) 

As they pass through the nozzles, the hot 
combustion gases expand and reach a high 
speed—about 4,000 feet per second. They 
strike the blades of the first (lower) turbine 
wheel, and spin it counterclockwise (looking down 
from the top of the torpedo). The first turbine 
turns it spindle, and the first turbine pinion, 
counterclockwise. The pinion meshes with the 
upper main drive gear, and turns it clockwise. 
This drive gear turns the upper bevel pinion 
clockwise. 

The combustion gases are deflected from the 
blades of the first turbine, and strike the blades 
of the second (upper) turbine. The second 
turbine spins clockwise (stili looking down from 
the top). The second turbine turns the second 
turbine spindle, and the second turbine pinion. 
(The first turbine spindle is hollow, and the 
second turbine spindle turns inside it.) The 
second turbine pinion turns the lower main 
drive gear counterclockwise. And the lower main 
drive gear turns the lower bevel pinion counter¬ 
clockwise. 


Each of the two bevel pinions meshes with 
both bevel gears. Working together, the two 
pinions turn the two bevel gears. The forward 
bevel gear turns counterclockwise, and the 
after bevel gear clockwise (looking aft from the 
forward end of the engine). The after bevel 
gear turns the forward (outer) propeller shaft, 
which turns the forward propeller. The forward 
bevel gear turns the after (inner) propeller 
shaft, which turns the after propeller. 

Since the two propeller shafts are linked 
together through the bevel gears and bevel 
pinions, they turn in opposite directions AT 
THE SAME SPEED. A single propeller would 
have not only a gyro action, but also a twisting 
force that would spin the whole torpedo in the 
opposite direction. With two propellers turning 
in opposite directions at the same speed, both 
the gyro forces and the twisting forces are 
canceled. 

As you have seen, both turbines work together 
to turn both propellers. We could build a 
simpler engine by letting the first turbine turn 
one propeller, and the second turbine turn the 
other. But, if we did that, the two turbines and 
the two propellers would turn at different speeds. 
(The first turbine delivers about 70 percent of 
the power. The second turbine delivers only 
about 30 percent.) Because the two turbines are 


SECOND (UPPER) TURBINE WHEEL 
FIRST (LOWER) TURBINE WHEEL 


DIRECTION OF 
GAS AND STEAM 

FIRST TURBINE 
SPINDLE 


FIRST TURBINE PINION 
FORWARD BEVELGEAR 


SECOND TURBINE 
SPINDLE 


SECOND TURBINE 
PINION 



BEVEL PINION 

MAIN DRIVE GEAR 
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Figure 7-8. — Schematic diagram of the main engine. 
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connected together through the gear System, they 
are forced to turn at the same speed. 

Open up figure 7-1 again, and find the parts 
that you can see in figure 7-8. You can see the 
two turbine wheels at 8 and 9. The turbine 
spindles are enclosed in the turbine casing (3). 
A small part of the first pinion is visible 
through an ppening in the casing at 6. There are 
openings in the after side of the spindle casing, 
so that the main drive gears, (12 and 42) can 
mesh with the turbine pinions. 

Referring back to figure 7-1, notice how the 
engine is supported. The two A-frames (at 13 
and 44) are secured to the turbine bulkhead. 
The A-frames support the turbine spindle casing, 
and the turbine top bearing holder (7). At 
their after end the A-frames are connected by a 
strut (14). This strut carries the bearings in 
which the forward propeller shaft turns. 

The A-frames also support the crosshead 
(40). The crosshead itself does not rotate. But 
it supports the bushings on which the main drive 
gears and bevel pinions rotate. The after 
propeller shaft turns in the bearings at 38. It 
passes through an opening in the crosshead. 
You can’t see the bevel pinions in figure 7-1. 
They* re hidden within the main drive gears. 
The two bevel gears are marked"39”and"41.” 

TURBINES AND TURBINE SPINDLES 

Figure 7-9 shows the turbines and spindles 
assembly of a Mk 14 torpedo. The spindle casing 
is at the left. 

In both turbines, the blades are of crescent- 
shaped cross section. On the end of each blade 
is a small projection to which the turbine band 
is riveted. The turbine band is made up of 
overlapping segments. The clearance at the 
butt ends of the segments give them room to 
expand when they get hot. The blades of the 
second turbine curve in the opposite direction 
from those of the first turbine. And the blades 
of the second turbine are slightly larger than 
those of the first, so that the gases can keep 
expanding as they pass through the turbine. 

In figure 7-9, find the upper, middle, and 
lower ball bearings. The outer surface of each 
bearing is threaded, and screws into the spindle 
casing. The notches make it possible to turn 
the bearings after you’ve putthe whole assembly 
together inside the casing. In that way you can 
adjust the clearance between the two turbines, 


and between the first turbine wheel and* the 
nozzles. The locking levers secure your adjust- 
ment to keep it from slipping. The three bolts 
that close the spindle casing pass through holes 
in the locking levers, so they can’t move. 

The upper and middle bearings support the 
first turbine spindle. The second turbine 
spindle, which passes through the first spindle, 
is supported by the lower bearing and the top 
bearing. (The top bearing doesn’t Show in 
figure 7-8. It’s above the second turbine wheel.) 
If you’11 look ahead to figure 7-15, you’11 see a 
schematic diagram that shows thepositionofthe 
two spindles and their four bearings. 

CROSSHEAD ASSEMBLY 

Figure 7-10 shows the crosshead. Its outer 
ends are supported in the two A-frames. Bronze 
bushings fit over the two crosshead shafts. 
The se bushings serve as bearings for the main 
gears and bevel pinions. (Each drive gear and 
pinion gear is machined from a single forging.) 
In figure 7-10 the bushings are in place on the 
crosshead. Notice the spiral oil grooves on the 
surface of the bushings. 

(Notice also, at the right of the strut, a 
small pinion gear machined on the outside of 
the forward propeller shaft. This pinion suppiles 
the power that drive s the gyro mechanism. 
We’ll discuss the gyro mechanism in chapter 8.) 

Another view of the crosshead and the two 
propeller shafts is shown in figure 7-11. In 
this picture, the bushings for the main drive 
gears have been removed. The after propeller 
shaft passes through the crosshead in a floating 
bronze bushing. In figure 7-11, this bushing 
appears just to the left of the crosshead. 

The forward bevel gear is keyed to the after 
(inner) propeller shaft. And the after bevel gear 
is keyed to the forward (outer) propeller shaft. 
The outer propeller shaft turns in the strut 
bearing. This bearing supports the shaft 
RADIALLY—which means itpreventsanymotion 
at right angles to the torpedo axis. Between the 
after bevel gear and the crosshead are a bearing 
washer and a thrust bearing. 

THRUST 

As the propellers turn, they develop a 
THRUST, or pushing for ce. They transmit this 
thrust to their shafts. To drive the torpedo 
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OIL CONNECTION FROM OIL PUMP 


NO. 2 TURBINE 


NO. 1 TURBINE 


UPPER BEARING 


SPINDLE CASING 


NO. 1 TURBINE SPINDLE 
AND PINION 


LOCKING LEVERS 


MIDDLE BEARING 


NO. 2 TURBINE SPINDLE 
(INSIDE) 


NO. 2 TURBINE PINION 


LOWER BEARING 


SLOT—ALLOWS CLAMPING OF CASING 

ADOIIKIft PC A DIKin DArCC 


OIL PUMP WORM 


Figure 7-9.—Turbine and spindle assembly. 
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through the water, we have to take this thrust 
from the torpedo shafts and transmit it to the 
Shell of the torpedo. We do this in three ways. 

You remember that the two bevel pinions 
drive the after bevel gear. And because of the 
slope of the gear teeth, the turning force of the 
bevel pinions tend to push the bevel gear aft. 
But the thrust of the forward propeller tends 
to push the bevel gear forward. The thrust of 
the propeller is a lot stronger than that of the 
gears. So part of the thrust of the forward 
propeller goes through the after bevel gear to 
the bevel pinions, and from there to the cross- 


head. The re st of the thrust from the forward 
propeller is applied to the crosshead through the 
thrust bearing and washer that you can see in 
figure 7-11. 

The crosshead transmits the forward thrust 
through the A-frames and the turbine bulkhead 
to the Shell of the torpedo. 

The after propeller shaft applies its thrust 
through the forward thrust bearing (38 in figure 
7-1) to the turbine spindle casing. The spindle 
casing carries the thrust through the A-frames to 
the turbine bulkhead. 


109 


Digitized by v^.ooQle 




















TORPEDOMAN f S MATE 3 & 2 



Figure 7-10. — Crosshead assembly. 



FORWARD BEVEL GEAR 
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Figure 7-11.—Crosshead and propeller shaft. 
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MAIN ENGINE OF THE MK 15 
TORPEDO 

We have discussed the main englne of the 
Mk 14 torpedo. The main engine of the Mk 15 
differs in one respect. The Mk 15, you 
remember, has a gearshaft. 

In the Mk 15 torpedo, the pinions on the 
turbine spindles do NOT mesh directly with 
the main drive gears. Instead, the turbine 
pinions mesh with the SIDE GEARS. And the 
side gears tum the main drive gears. 

Figure 7-12 shows the speed change mech- 
anism of a Mk 15 torpedo. We toldyouin 
chapter 6 what happens when you change the 
speed setting. The operating shaft turns the 
cam, which gives a fore-and-aft motion to the 
operating rod. The operating rodpassesthrough 
the .turbine bulkhead to the side gear carrier. 

The side gear carrier is mounted on the 
turbine spindle casing. Any fore-and-aft move- 
ment of the operating rod will tum the side 
gear carrier and the casing. 

Figure 7-13 shows the spindle casing 
assembly and side gear assemblies of a Mk 15 
torpedo. On the high-power side of the assembly 
are the two high-power side gears which turn, on 
ball bearings, on the same shaft. On the low- 
power side are two pairs of side gears. The 
larger gear in each pair has the same diameter 
as the high-power side gears. 

When you put the assembly together, the 
side gears mesh with the turbine pinion gears 
like this: 

1. The upper side gear on the port side 
meshes with the first turbine pinion. 

2. The lower side gear on the port side 
meshes with the second turbine pinion. 

3. On the starboard side, the larger gear of 
the upper pair meshes with the first turbine 
pinion. 

4. On the starboard side, the larger gear 
of the lower pair meshes with the second 
turbine pinion. 

The gears all stay in mesh, no matter which 
speed setting you use. When the turbines spin, 
all the side gears rotate. 

Now let’s see how you shift gears. When the 
operating rod moves forward, it pulls the star¬ 
board side of the gear carrier forward. The 
port side moves aft. The two high-power side 
gears mesh with the main drive gears. When the 
turbines spin, power will pass from the turbine 


pinions, through the high-power side gears, to 
the main drive gears. The low-power gears will 
turn, because they are stili meshed with the 
turbine pinions. But they turn idly, because they 
are NOT meshed with the main drive gears. 

When the operating rod moves aft, the side 
gear carrier swings the other way. The high- 
power gears disengage from the main drive 
gears. On the low-power side, the SMALLER 
of each pair of side gears now meshes with the 
main drive gears. (The larger gears in each pair 
are stili meshed with the turbine pinions.) 
Since the small gears have fewer teeth than the. 
larger ones, it will now take more turns of the 
turbine for each turn of the propellers, and the 
torpedo will run at low speed. 

Figure 7-7 shows three different views of 
the main engine of Mk 15 torpedo. Study the se 
pictures carefully. Identify as many of the parts 
as you can, including the side gears. 


OILING SYSTEM 

During the torpedo run, the parts of the 
main engine turn at high speed. They need a 
constant supply of oil to keep from burning out 
their bearings. The lubrication System supplies 
hot running torpedo oil from the oil tanks, 
through an oil pump, to the bearings. 

Figure 7-14 is a diagramof the oiling system 
of a Mk 15 torpedo. Oil flows from the two oil 
tanks to the reservoir. The reservoir ensures a 
steady supply of oil for the pump. The pump 
operates at constant pressure. Excess oil is 
bypassed, and returns to the reservoir. The 
pump forces oil through two separate outlets— 
one for the turbine spindle bearings, and one for 
the crosshead. 

Oil enters the turbine casing through an 
elbow fitting on the side of the casing, and goes 
directly to the middle bearing. It reaches the 
upper bearing through a passage in the casing. 
Excess oil that drips down from the upper and 
middle bearings lubricates the lower bearing. 

From the other outlet of the oil pump, oil 
flows to the crosshead. It goes straight up 
through a passage in the center ofthe crosshead, 
through a channel in the crosshead hub, out 
through the top bearing. Through other 
passages in the crosshead, oil flows to the 
crosshead bushing and the driving pinion 
bushings. 
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OPERATING SHAFT BRACKET 
(low power position) 


OPERATING 

SHAFT 


LOW POWER SIDE GEARS 
(not visible) 


TURBINE SPINDLE 



CAM 

MITER GEARS 
GEAR TRAIN 

OPERATING RACK 


HIGH POWER 
SIDE GEARS 


STARTING AND REDUCING VALVE GROUP 


Figure 7-12,—Speed change mechanism of the Mk 15 torpedo. 


4.90 


As you can see in the diagram, the pump 
does not force oil directly to the gear teeth, 
to the strut bearing, or to the propeller shaft 
thrust bearings. The oil leaks out constantly 
past the main drainage gear washers, and past 
the crosshead bushing. The turning gears whip 
this oil into a spray, or fog. This oil lubri- 
cates ali the parts that aren't supplied directly 
by the oil pump. 

Figure 7-15 shows the main engine of a 
Mk 15 torpedo, with the oil tank in place. 


Remember, as you look at this picture, the main 
engine is upside down, so that you're looking at 
the bottom of it. 

Near the bottom of the picture you can see 
the oil filling flange, through which you fili 
both tanks. Between the filling flange and the 
preheater you can see the ends of the two vent 
pipes. These pipes let air escape from the tanks 
as the oil flows in. The re's a ball check valve 
in each vent pipe, to keep the oil from running 
out when you turn the torpedo upside down. 
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Figure 7-13. —Spindle casing assembly and side gear assemblies. 
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Figure 7-14,— Oiling system of the Mk 15 torpedo. 
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Figure 7-15,—Main engine of the Mk 15 
torpedo (bottom view). 


Trace the two outlet pipes to the Y-shaped 
manifold. From the manifold, oil flows through 
a short, curved pipe tothe cylindrical reservoir. 
(Find it in the picture.) Through another curved 
pipe, oil flows from the reservoir to the pump. 
The short, straight pipe from the pump to the 
reservoir takes the excess oil back to the 
reservoir. 

Figure 7-16 shows the oil pump with its 
cover piate removed. A worm at the lower end 
of the second turbine spindle drives the worm 
gear. The worm gearturns the lower pump gear. 
The two gears fit closely in the oval-shaped 
housing. As they turn, both gears carry oil 
forward aroundthe outside, in the spacesbetween 
the gear teeth and housing. But since the gear 
teeth mesh closely, they carry very little oil 
back at the center. 

As we told you earlier, a gear on the oil 
pump shaft drives the governor. The governor 
gear has been removed from the shaft in figure 


7-16. It looks like the worm gear, except that 
it has more teeth. 

Up to now, we've been talking about the oiling 
system of the Mk 15 torpedo. Inother torpedoes 
the oil system differs. The oil tanks of the Mk 
14 are slightly smaller than those of the Mk 15, 
and they don't extend as far forward. 

EXHAUST SYSTEM 

The exhaust system is so simple that it 
needs no separate illustration. You can see 
one of the two exhaust tubes in figure 7-1. 
It is marked “32.” The second tube is hidden 
behind the one you can see in the picture. The 
two tubes carry exhaust gases from the space 
above the turbines to the tail section. Near 
the after end of the afterbody, each tube sepa- 
rates into two branches. The exhaust gases 
enter the tail section through four openings in 
the afterbody. This is true in both Mk 14 and 
Mk 15 torpedoes. 

When the torpedo is under way, the main 
engine space is filled with a fog of oil. If this 
fog mixes with the hot exhaust gases, it will 
burn. Then the torpedo will leave a heavy wake 
of smoke. But this can be prevented. 

Under the turbines, attached to the top 
engine frame, is a sheet metal pan called the 
turbine oil guard. This pan, together with the 
vertical and horizontal bulkheads that you can 
see in figure 7-1, keeps oil fog out of the exhaust 
system. 

Above the upper turbine spindle bearing is 
a baffle, called the oil deflector ring. This ring 
keeps the oil in the spindle bearing from entering 
the turbine exhaust space. 

Remember: If you roll the torpedo over 
when there's oil in the afterbody, someofthe oil 
will leak into the exhaust space. Then when 
you fire the torpedo it will smoke heavily 
until this oil is burned up. 

GEAR RATIOS 


Turbines work efficiently only at high speeds. 
The speed of the turbine is much higher than the 
most efficient speed for the propellers. The main 
engine, as it takes the turning for ce from the 
turbines to the propellers reduces the speed of 
rotation. Whenever you have a small gear 
driving a larger gear, the speed of rotation is 
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Figure 7-16. —Oil pump. 
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reduced. In the main engine of the torpedo, 
small gears drive larger ones at two points: 

1. The turbine pinions drive the main drive 
gears. 

2. The bevel pinions drive the bevel gears. 
Table 7-1 shows the turbine speed, propeller 

speed, and gear ratio of the various torpedoes. 
(The gear ratio, of course, is the number of 
times the turbines must turn for eachturnof the 
prope Ilers.) 


Table 7-1.—Gear ratios. 



Turbine 

Propeller 

Gear 

Torpedo Speed 

Speed, rpm 

Speed, rpm 

ratio 

Mk 14, low 

8,531 

950 

8.98 

speed 

Mk 14, high 

12,123 

1,350 

8.98 

speed 

Mk 15, low 

12,538 

850 

14.75 

speed 

Mk 15, inter- 

9,429 

1,050 

8.98 

mediate speed 
Mk 15, high 

12,123 

1,350 

8.98 

speed 





TAIL SECTION 

The tail section is a short, truncated cone. 
Holes are drilled at its forward end so that 
you can secure it to the afterbody with joint 
screws. The principal parts that it contains are: 

1. The surfaces that drive the torpedo 
through the water—the two propellers. 

2. The surfaces that control the path of 
the torpedo—the tail blades and rudders. 

3. The sleeves and hubs that support the 
propellers. 

4. The rods and yokes that turn the rudders. 

Figure 7-17 is a cutaway view of the tail 

section. A bearing in the after bulkhead of the 
afterbody supports the after end of the forward 
propeller shaft. The after propeller shaftturns, 
in a bronze bushing, inside the forward propeller 
shaft. The forward propeller sleeve (B in 
figure 7-17) is keyed to the forward propeller 
shaft and secured to it by screws. The after 
propeller sleeve (C) is secured to the after 
propeller shaft by a retaining nut. 

The forward propeller sleeve turns in the 
tail bearing (F). The after propeller sleeve 
turns in four bronze bushings (R) inside the 
forward sleeve. The grease reservoir Shell (S) 
holds a supply of grease inside the after pro¬ 
peller sleeve. When the torpedo is under way, 
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A. Tail cone 

B. Forward propeller sleeve 

C. After propeller sleeve 

D. Vertical blade 

E. Steering rudder 

F. Tail bearing 

G. Forward propeller hub 

H. Forward propeller 

I . Forward propeller nut 


J. After propeller nut 

M. Grease retainer ring for 

forward propeller sleeve 

N. Drain and access hole 

O. Vertical blade 

P. Steering rudder adjusting rod 

Q. Steering rudder 

R. Propeller sleeve bushings 
S . Grease reservoir shell 


Figure 7-17. — Cutaway view of the tail section. 
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the hot exhaust gases melt the grease in the 
reservoir. Centrifugal force pushes the melted 
grease through small passages in the propeller 
sleeves, to lubricate the bushings (R) and the 
tail bearing (F). 


The forward propeller hub (G) is keyed to 
the forward propeller sleeve (B). The forward 
propeller nut screws onto the sleeve to hold 
the propeller in place. Locking screws keep 
the nut from working loose. Half of each locking 
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Figure 7-18.—Depth and steering linkage. 


screw is in the nut, and half in the propeller. 
The after propeller nut (J) is an integral part 
of the after propeller sleeve. Except for that, 
the mounting of the after propeller is the same 
as that of the forward propeller. 

On Torpedoes Mks 14 and 15, eachofthe two 
propellers has four blades. 


The exhaust gases pass through openings in 
the after bulkhead of the afterbody, and enter 
the tail through exhaust valves. (You can see 
one of these valves in figure 7-18.) The springs 
in the exhaust valves normally hold them shut. 
The exhaust valves thus keep water out of the 
afterbody at the end of an exercise run, and 
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when the torpedo is in the flooded tube of a 
submarine. When the torpedo starts, pressure 
builds up in the exhaust tubes and pushes the 
valve ppen. The exhaust gases then flow into 
the tail, into the propeller sleeves through 
the holes in their forward ends, and out to the 
sea. 

The four tail blades are rivetedtoprojections 
on the outside of the tail cone. They stabilize 
the torpedo as it travels through the water. 
The two pairs of rudders are mounted at the 
after edges of the tail blades. Each rudder 
turns in an inner bearing on the tail cone, and 
an outer bearing screwed to the tail blade. 
These outer bearings have a double purpose. 
Their outer edges serve as bearing surfaces to 
guide the tail as the torpedo slides through the 
torpedo tube. 

Figure 7-18 shows the linkage between the 
rudders and the depth and steering engines. The 
two engines turn the rudders by movingthe rods 
forward or aft. The two rudder connections pass 
through stuffing boxes in the after bulkhead of 
the afterbody. The yoke that connects eachpair 
of rudders is curved into a half circle, so it 
can pass around the propeller sleeves. 

To see how the system works, let’s say that 
the torpedo is running deep in the water. The 
depth mechanism detects this, and sends an 
UP RUDDER order to the depth engine. The 
depth engines pushes the depth rudder rod aft. 


The rod turns the yoke. And the yoke turnsboth 
depth rudders up. (We’ll discuss the depth and 
steering mechanism in detail in chapter 8.) 

STEERING NOMENCLATURE 

The system for naming the steering system is 
a little complicated. And it may confuse you if 
you don’t give it special attention. There are 
two pairs of rudders. One pair turns up and 
down, and guides the torpedo up and down. We 
suggest that you call this pair the DEPTH 
RUDDERS. The other pair turns left and right, 
and guides the torpedo left and right. We suggest 
you call this pair the STEERING RUDDERS. 
(See figure 7-18.) 

Because the steering rudders are vertical, 
they’re sometimes calledthe "vertical rudders” 
(even though they turn the torpedo in a horizontal 
plane). The steering engine is sometimes called 
the "vertical steering engine.” 

For our purposes we shall use the term 
"depth rudders” and "steering rudders.” But 
you might as well know what other people are 
talking about. 


REFER ENCES 

OP 635, Torpedoes Mks 14 and 23 Types. 
OP 642, Torpedoes Mk 15 Type. 


QUIZ 


1. What TWO things must happen before the 
starting gear of the Mk 15 torpedo will 
function? 

2. What is the function of the governor? 

3. Where does the power that operates the 
governor come from in the Mk 15 torpedo? 

4. In the Mk 15 torpedo the principal parts of 
the main engine, gearing, and propeller 
shafts are in pairs. In each pair, the two 
parts turn in opposite directione. List these 
paired parts. 

5. Why does the torpedo need a balanced 
engine? 

6. Which two bearings support the fir st turbine 
spindle? Which two support the second 
turbine spindle? 

7. How is the thrust of the after propeller 
shaft transmitted to the shell of the Mk 15 
torpedo? 


8. What is the most important difference 
between the main engine of the Mk 14 
torpedo and that of the Mk 15 torpedo? 

9. Two lines take oil from the oil pump to 
the main engine. Where do each of these 
lines go? 

10. In ali air-steam torpedoes (except the Mk 
15 at low speed), about how many times must 
the turbines turn for each turn of the 
propeller? 

11. What is the purpose of the exhaust valves? 

12. What is meant by gear ratio? 

13. Name some of the principal parts carried 
in the tail section. 

14. What is the purpose of the two pairs of 
rudders? 

15. What is another name for the “horizontal 
steering engine?" 
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CHAPTER 8 

TORPEDO CONTROL MECHANISMS 


INTRODUCTION 

In chapter 7 you studied about the torpedo’s 
two pairs of rudders. You learned that die 
vertical, or steering rudders, turn the torpedo 
to left or right, to keep it on its course. The 
horizontal, or depth rudders, turn the torpedo 
up or down, to keep it at the prope r depth. In this 
chapter we will discuss at length the mechanisms 
that control the air-steam torpedo. Attheendof 
the chapter we will give you a general idea of 
the control mechanisms of advanced underseas 
weapons. As you know, advanced underseas 
weapons are stili classified Confidential, so 
the re is not much that can be said about them in 
this course. 

The two control mechanisms—one for depth 
and one for steering—are mounted in the after- 
body section of the torpedo. These mechanisms 
control the action of the two pairs of rudders. 
Figure 8-1 shows the control mechanism as- 
sembly. (In this picture you’re lookingfrom the 
starboard side; the right-hand end of the picture 
is forward.) And though the two mechanisms 
are mounted together on a single base, they are 
completely independent of each other in 
operation. 

The control mechanisms are the “brains” of 
the torpedo. The steering mechanism tums the 
torpedo to its preset course, and keeps itthere. 
If the torpedo wanders off course to left or 
right, the steering mechanism throws the ver- 
tical steering rudders to correct the error. And 
the depth mechanism brings the torpedo to its 
preset depth and keeps it there. H the torpedo 
starts to move too high in the water, or sink 
too low, the depth mechanism throws the horizon¬ 
tal rudders to bring the torpedo back to its 
proper depth. 

Each of the control mechanisms consists of 
three parta: a sensing part, a detecting part, 
and an engine. 

SENSING PART.—In the steering mechanism, 
the sensing part is the gyroscope. There is no 
way to keep the torpedo on course unless some 


part of the mechanism always points in the same 
direction—regardless of which way the torpedo 
may turn. Throughout the torpedo run, the axis 
of the gyro always points in the same direction. 

The depth mechanism has two sensing parts— 
a diaphragm and a pendulum. To keep the torpedo 
at the proper depth, the mechanism must include 
a part that can measure how deep the torpedo is 
in the water. The diaphragm does that job. The 
pendulum is sensitive to the “running attitude” 
of the torpedo. Since the pendulum tends to 
hang straight down, it can teli if the torpedo is 
tilted up or down, or if it’s running level. 

DETECTING PART.—In the steering mech¬ 
anism, the detecting part is die pallet mech¬ 
anism. Let's say that you fire a torpedo with 
zero gyro angle. Then the gyro axis lies along 
the torpedo course, and it will point out the 
proper course throughout the run. R the torpedo 
tums to the left or right from its course, the 
pallet mechanism will detect the difference and 
send correcting orders to the steering engine. 

In the depth mechanism, the diaphragm and 
pendulum are linked together. Through this 
linkage they work together to send corrective 
signals to the depth engine. 

ENGINES.—The two engines do the actual 
work of operating the rudders, through the rods 
and yokes that you studied in chapter 7. The 
steering engine, when it gets an order from the 
pallet mechanism, throws the vertical steering 
rudders to bring the torpedo back on course. 
The depth engine, when it gets an order from the 
diaphragm linkage, throws the horizontal depth 
rudders to bring the torpedo back to its depth. 

STEERING MECHANISM 

The heart of the steering mechanism is the 
gyroscope. See figure 8-2. The gyroscope has 
two properties that make it useful in a steering 
mechanism. They are RIGIDITY IN SPACE, 
and PRECESSION. 

Rigidity in space is easy to demonstrate. 
When any object is spinning rapidly, it tends 
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Figure 8-1.— Control mechanism assembly. 


to keep its axis pointed always in the same 
direction. A toy top is a good example. As long 
as it's spinning fast, it stays balanced on its 
point. Because of its gyro action, it resists 
the tendency of gravity to change the direction 
of its axis. A bicycle is easier to balance at 
high speed than when ifsbarely moving. At high 
speed the bicycle wheels act as gyros, and tend 
to keep their axes parallel to the ground. 

(Note that it*s easy to move the axis as long 
as you keep it pointing in the same direction. 
The gyro resists only those forces that tend to 
change the direction of its axis. If the axis 
is horizontal (fig. 8-3), and you try to tilt 
it, the axis will turn. This action of the gyro— 


its tendency to turn its axis at a right angle to 
an applied force—is gyro precession. See 
figure 8-4.) 
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Figure 8-2. — A gyroscope top. 
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GRAVITY 


Figure 8-3.—Gyro top with axis horizontal. 


free to tum about any of the three axes, each 
of which is perpendicular to the other two. 

In figure 8-5, the gyro rotor is free to 
spin on its axis A-A. That is one degree 
of freedom. The rotor axis is supported in 
bearings in the gimbal ring. The inner gimbal 
ring is free to nui on the axis B-B. That 
makes two degrees of freedom. The outer 
gimbal, pivoted on the support, is free to tum 
on axis C-C. And that gives the gyro its third 
degree of freedom. 

When the gyro has three degrees of freedom, 
it can maintain its rigidity in space no matter 
how you move its support. Suppose you pick up 
the gyro in figure 8-5 by its support and tilt 
it. (That’s what happens in the torpedo when it 
changes its fore-and-aft trim.) The gyro rotor, 
if it’s spinning fast, will tum die inner gimbal 
about the axis B-B, and the rotor axis will 
point in the same direction as before. 


IT* 

movement 



OUTER GIMBAL 


DIRECTION 
)F 
FORCE 


WHEEL 



INNER GIMBAL 


Figure 8-4,—Gyro precession. 


Figure 8-5.—The principle of gyro 
mounting. 


Gyro Mounting 

The gyro axis points in the same direction 
throughout the torpedo run. This is true regard- 
less of how the torpedo turns, rolls, or pitches. 
To make this possible, the gyro must be mounted 
so that it “floats” in its mounting. Figure 8-5 
shows the basic principle of gyro mounting. When 
a gyro is mounted like this, that gyro has three 
degrees of freedom. By that we me an that it’s 


Now suppose youtwistthe support to one side. 
(That is what happens when the torpedo wanders 
off course to left or right.) The gyro will 
tura the outer gimbal about the axis C-C, and 
its rotor axis will point in the same direction 
as before. 

Several conditions are necessary to make 
this gyro useful in a steering mechanism. For 
one thing, its bearing must be as free from 
friction as possible. The center of gravity of 
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the whole assembly must be exactly at the point 
where the three axes meet. And the gyro must 
be protected from air currents that might 
strike it off the plane of its axis. 

What happens when you don't have these 
conditions? You , ll have forces that tend to 
change the direction of the gyro axis. And the 
gyro will react to those forces, and undergo 
precession. It will change the direction of its 
axis, and be useless for steering. 

When the center of gravity of the gyro 
assembly lies at the intersection of its three 
axes, we say that the gyro is in STATIC 
BALANCE. That’s an important term for you to 
remember. We're going to use it several times 
in this chapter. 

Figure 8-6 shows how we apply themounting 
principle to the actual torpedo gyro. At the 
top of the picture is the rotor. (Notice that 
its weight is concentrated in its outer rim, 
to give it the maximum gyroscopic effect.) In 
the center of the illustration, the gyro is 
mounted in the inner gimbal. At thebottom, the 
inner gimbal is mounted in the outer gimbal, and 
the whole assembly is restingon a woodenmount. 
(In the torpedo, of course, the whole assembly 
will be free to turn on the outer gimbal axis.) 

Note the three positions of the rotor in 
figure 8-6. In the bottom picture, the rotor 
axis is pointing almost straight at you. 

Now imagine the gyro assembly, at the bottom 
of figure 8-6, mounted in a torpedo. The axis 
of the gyro rotor is parallel to the fore-and- 
aft axis of the torpedo. What happens when 
the torpedo starts to dive or climb? The gyro 
turns the inner gimbal on its axis, and the 
rotor axis points in its original direction. 
What happens when the torpedo wanders off 
course to port or starboard? The gyro turns the 
whole assembly about the outer gimbal axis, and 
the rotor axis stili keeps the original direction. 

So, no matter what the torpedo does, the 
rotor axis remains fixed in space. The gyro 
mounting leaves the torpedo free to tilt or 
turn without moving the rotor. 

CREEP.—Now let's set up an imaginary 
problem. You’re somewhere in the Northern 
Hemisphere. You're within sight of a target 
ship. The target ship is anchored—a sitting 
duck. You have a torpedo in its tube, ready to 
fire. The torpedo, and the axis of the gyro rotor, 
are pointed straight at the center of the target 
ship. 
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Figure 8-6. —How a torpedo gyro is 
assembled. 

Now, if you fire your torpedo, will it hit 
the target? Probably not. During the torpedo 
run, the axis of the. gyro rotor will slowly creep 
to the right of the line of sight. Since the 
torpedo follows the gyro, it, too, will creep 
to the right. If the run is very long, the 
torpedo will pass to the right of the target 
and miss it entirely. 

But you've already learned that the gyro axis 
is rigid in space, and keeps pointing in the same 
direction. If that’s true, how can it creep to 
the right? IVs BECAUSE the gyro is rigid in 
space that it creeps. The earth is NOT rigid 
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in space—it’s spinning on its axis. The gyro not 
only holds its originaldirectionwhenthe torpedo 
turns, but also holds its original direction as 
the Earth turns. 

To make this ciear, we’ll Show you an extreme 
example of creep. Figure 8-7 illustrates the 
problem. The circle is supposed to represent 
the Earth, and you’re looking down on it from 
above the North Pole. The letter N marks the 
North Pole; S is the target ship, and T is the 
torpedo. The torpedo and its gyro axis are 
pointed at the target. The dotted line is your 
line of sight to the target. The arrows show 
which way the earth is turning. 

Don’t fire the torpedo. Just leave it in 
the tube, pointing at the target. Start the 
gyro, and leave it running. Let’s say the time 
at which you start the gyro is 0600. 



Figure 8-7. —Torpedo problem; 
position at 0600. 

Figure 8-8 shows how thingswillbeat 1200— 
just 6 hours later. During those 6 hours, the 
Earth has turned through an angle of 90°. 
(Remember that it turns all the way around in 
24 hours.) As it turned, the Earth of course 
carried the torpedo, the target, and your line 
of sight around with it. But look at the gyrd. 
Because it’s fixed in space, it’s stili pointing 
in the same direction it pointed at 0600. And 
because the Earth has turned through 90°, the 
gyro axis is now at right angle s to the torpedo. 

If you had fired the torpedo, it would have 
steered itself to follow the gyro axis. Figure 
8-9 shows the path the torpedo would take if it 
could run for 6 hours. 



As we told you, this is an extreme example. 
You don’t fire torpedoes within sight of the 
North Pole. And you don’t expect them to run 
for 6 hours. But this example shows WHY the 
gyro creeps to the right. 

In figures 8-7 and 8-8, the target lies to 
the north of the torpedo. What happens when 
the target lies to the south? To find out, 
draw new sketches to replace figures 8-7 and 
8-8. You’ll find that the gyro stili creeps tothe 
right. 

And what if the target lies to the east? 
Let’s say that you point the axis of the gyro 
directly east, and line it up with a star that’s 
just rising over the eastern horizon. A line 
from the Earth to a star is a fixed direction 
in space. Where will the star be 6 hours later? 



Figure 8-9. —Path of the torpedo 
during a 6-hour run. 
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You know from experience that it will be overhead 
and directly south. The gyro axis, since iVs 
fixed in space, will follow the star. So it 
will creep to the right. 

As you can see, a spinning gyro, in static 
balance, in the Northern Hemisphere, will always 
creep to the right. (You can also see, from the 
last example, that in order to follow the star 
it would have to creep UP as well as to the 
right. But since this vertical creep has no effect 
on torpedo steering, you can disregard it.) 

Which way will the gyro axis creep in the 
Southern Hemisphere? To find out, go back to 
figures 8-7 and 8-8. Imagine now that you're 
looking down from over the SOUTH Pole. And 
remember that now the Earth is turning in the 
opposite direction from that shownby the arrows. 
As you can see, the gyro axis will now creep to 
the left. (If this isn’t ciear, draw new sketches 
for the problem. And remember that the move- 
ment of the Earth will now carry the torpedo and 
the line of sight around to the left, instead of 
to the right.) In the Southern Hemisphere, a 
spinning gyro in static balance always creeps to 
the left. 

But what happens when the gyro is at the 
Equator? A star that rises in the east will stay 
in the east until it passes directly overhead. 
If you aim the gyro axis north, you'11 point it 
directly at the North Star. (At the Equator, 
the North Star lies on the horizon.) Where will 
the North Star be 6 hours later? Stili to the 
north, and stili on the horizon. As you can see, 
creep is zero at the Equator. 

Here, in summary, are the facts on horizontal 
creep of the gyro axis: 

1. At the Equator, creep is zero. The farther 
it is from the Equator, the farther the gyro will 
creep in a given time. 

2. The longer the torpedo run, the farther 
the gyro will creep. 

3. In the Northern Hemisphere, the gyro 
creeps to the right. In the Southern Hemisphere, 
it creeps to the left. 

Now that we know how a gyro creeps, and why 
it creeps, what can we do about it? There are 
two answers to that problem. If we know that 
the torpedo will creep to the right, we can aim 
it to the left of its proper course. Then, if 
our calculations are right, it will creep back 
onto its course in time to hit the target. (We'11 
take this up again in the chapter on fire 
control.) 


The other method for correcting creep uses 
a simple adjustment to the gyro itself. If we 
expect the gyro to creep to the right, we can 
make the gyro turn its own axis to the left— 
by just enough to cancel the creep. 

How can we make a gyro turn its own axis? 
You remember about precession—if you apply a 
force that tends to tilt the gyro axis, the 
axis will turn. So there's the answer. We 
apply a force that tends to tilt the axis. 

Take another look at figure 8-4. The force 
of gravity tends to tilt the near end of the 
axis down. The gyro responds by turning its 
axis to the right. (The "direction ofmovement” 
arrow in the picture points left. But if you 
imagine how the gyro would appear if you were 
looking down on the top of it, you can see that 
the direction of the axis is swinging to the 
right.) If we apply a downward force on the 
far end of the axis, instead of the near end, 
the axis will turn in the other direction. 

Figure 8-10 shows how we use this principle 
in the torpedo gyro. The balance nut (find it 
in the picture) is mounted in the inner gimbal 
ring, at one end of the gyro axis. By turning 
this nut, you can move it in toward the gyro 
rotor, or out away from the rotor. 



4.106 


Figure 8-10. —Bottom view of a gyro assembly. 

The upper picture in figure 8-11 shows the 
balance nut in its Central position. With the 
nut in this position, the two ends of the gimbal 
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balance each other, and the gyro is in static 
balance. So you’11 use this position of the 
balancing nut when you fire a torpedo at the 
Equator. 



4.107 

Figure 8-11. —Moving the balance nut. 


In the Southern Hemisphere, you expect the 
gyro to creep to the left. To correct it, you 
turn the balance nut OUT from its Central 
position, as in the middle picture of figure 8-11. 
Now the gyro is no longer in static balance. 
The re's a downward for ce on the free end of its 
axis. And that force makes the gyro axis precess 
to the right. The precession cancels the creep. 

In the Northern Hemisphere, you turn the 
balance nut IN, as in the lower picture of 
figure 8-11. Now there’s a downward force on 
the locking end of the gyro axis. And that 
force makes the gyro axis precess to the left. 
Again, the precession balances the creep. 

The middle and bottom pictures in figure 
8-11 show the balance nut in its full-out and 
full-in position. Actually, you'd use those posi¬ 
tion only in very high latitudes. The exact 
position to which you turn the nut depends 
on the exact latitude in which you expect to 
fire the torpedo. 

GYRO MOUNTING IN THE TORPEDO.-When 
the gyro and gimbal assembly is in the torpedo, 
it's completely enclosed in the gyro pot. You can 
see the pot in figure 8-1. It'sa bronze cylinder 
mounted on the control mechanism base a little 
aft of its center. On the after side of the pot 
is a flat face for mounting the gyro spinning and 
unlocking mechanism. (The after side of the pot 
is at the left in figure 8-1.) On the sides of the 
pot are bosses for mounting the two steering 
engines. The vertical steering engine is on the 
starboard side of the pot. (That's the near side 
in figure 8-1.) The horizontal steering (depth) 
engine is on the port side. 

The gyro top piate completely covers the top 
of the pot. The top piate does several things: 

1. It carries the pallet mechanism which 
relays steering orders from the gyro to the 
vertical steering engine. 

2. In its center, on the under side, it 
carries the upper bearing for the outer gimbal 
of the gyro. 

3. Also in its center, on top, it holds 
the air nipple through which low-pressure air 
passes to keep the gyro spinning. (In figure 
8-1 you can see the tube that carries air from 
the gyro reducing valve to the nipple in the 
top piate.) 

Gear teeth are machined around the outer 
edge of the top piate. These teeth are connected 
by gears and shafts to the gyro-setting sockets 
on the outside of the torpedo. 
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In the bottom of the control mechanism base 
is an opening through which you install the gyro 
in the pot. (Installing the gyro, through this 
opening, is one of the last things you do when 
you make a torpedo ready for firing.) 

The gyro bottom head (find it in figure 8-12) 
is a removable piate secured by screws to the 
bottom of the pot. In its center, the bottom 
head carries a removable socket. This socket 
holds the lower bearing for the outer gimbal of 
the gyro. 

The clamp piate (fig. 8-12) has a flange 
seat that fits a corresponding seat on the 
bottom of the gyro pot. A gasket fits between 
the two seats to make a watertight seal. The 
clamp piate cover has a4-partinterruptedridge 
around its outer edge. This ridge engages a 
similar ridge in the control mechanism base. 
To seat the cover, you slip it into place, 
engage the two ridges, and turn the cover through 
90°. 

A threaded clamping plug passes through the 
center of the cover. By turning this plug you 


can apply pressure to the clamp piate. When 
you draw the plug up tight, you compress the 
gasket under the clamp piate and make a water¬ 
tight seal. 

Figure 8-13 shows the gyro installed in the 
pot. Most of the pot has been cut away, so you 
can see what's inside. In this picture, you’re 
looking forward from the after end of the torpedo. 

Throughout the torpedo run, low-pressure air 
keeps the gyro spinning. High-pressure air 
from the air flask first goes through the main 
reducing valve, where its pressure drops to 
about 450 psi. From the main reducing valve 
the air goes to a strainer. (You can see the 
strainer in figure 8-1. It’s mounted on the star- 
board side of the vertical steering engine.) 
Then it passes through the gyro reducing valve, 
which cuts the pressure down to about 125 psi. 
And finally the air enters the gyro pot through 
the nipple in the center of the top piate. 

Figure 8-14 shows schematically where the 
air goes after it enters the pot. First, it passes 
through an opening in the top bearing of the 



4.108 


GYRO BOTTOM HEAD GYRO 


GASKET 


CLAMP PLATE 


CLAMP PLATE COVER 


Figure 8-12.—Gyro opening in control mechanism base. 
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H. Gyro top piate 

I. Retalner plates 

J. Pinion rack on top piate 

K. Cam pawls 

L. Cam piate 

M. Cam 

N. Top bearing holder 

O. Inner gimbal ring 

P. Spur gear 

Q. Socket for centering pin 

R. Side bearing sleeve 

S. Outer gimbal ring 

T. Bottom bearing holder 

U. Bottom head 

V. Renewal piate 

Figure 8-13. —Gyro installed in the gyro 
pot. 


outer gimbal. From there it goes through 
passages in the outer gimbal, and through the 
center of the inner gimbal bearings. It reaches 
the gyro wheel through short passages in the 
inner gimbal. This System supplies an equal 
amount of air to each side of the gyro wheel. 
And it applies air pressure only in the plane 
of the wheePs rotation, regardless of how the 
torpedo may turn with respect to the gyro. So 
there's no danger that the sustaining air will 
apply an unbalancing force to the gyro and 
cause precession. 


The pressure of the air jets, as they strike 
the teeth or “turbine buckets” on the outer rim 
of the gyro wheel, keeps the wheel spinning. 
(You can see the turbine buckets in the top 
picture of figure 8-6.) 

SPINNING AND UNLOCKING ME CHANISM. — 
The gyro is useful for steering the torpedo 
only when its rotor is spinning at high speed. 
Since we want the gyro to control the torpedo 
from the very start of its run, we have to 
bring it up to full speed as quickly as possible. 
Low-pressure air from the gyro reducer would 
take too long. So we use high-pressure air, 
at flask pressure, to start the gyro. 

But this high-pressure air doesn't godirectly 
to the gyro. Instead, it goes to the spinning 
and unlocking mechanism. Thismechanism does 
several important jobs. 
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Figure 8-14. —Path of the gyro—sustaining air. 
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1. It locks the gyro rigidly in position, 
its rotor axis parallel to the fore-and-aft axis 
of the torpedo. And it holds the gyro in that 
position until its rotor reaches full speed. 

2. It spins the gyro, and brings it up to 
speed. 

3. When the gyro reaches full speed, the 
spinning mechanism disengages itself from the 
gyro, and lets the low-pressure sustaining air 
take over. 

4. After the spinning mechanism is dis- 
engaged, the unlocking mechanism releases the 
gyro so that the torpedo will be free to turn 
or tilt without affecting the direction of the 
gyro axis. 

5. After it has done all this, the mechanism 
shuts off its own air supply, to keep from 
wasting air and building up pressure in the 
afterbody. 

Figure 8-15 shows what the mechanism looks 
like when it’s in the locked position. (You’re 
looking at the port side of the mechanism; the 
left end of the picture is forward.) The forward 
face of the frame mounts on the after face of the 
gyro pot. (Check the position of the mechanism 
in figure 8-1; but remember that in figure 8-1 
you're looking at it from the starboard side.) 

The shaft of the spinning gear extends 
through an opening in the after face of the gyro 
pot. And the spinning gear meshes with the upper 
side of the spur gear on the gyro rotor shaft. 
You can see the spur gear in figure 8-10, and 
in the upper picture of figure 8-6. Figure 8-13 
shows that the gyro housing is cut away, exposing 
the upper edge of the spur gear, so that the 
spinning gear can mesh with it. 

You've noticed that the housing is cut away 
at the bottom too, and you can probably guess 
why. That’s to equalize the air resistance. 
Unequal resistance, of course, would apply a 
precessing force to the gyro. In figures 8-6 
and 8-10 you saw that the re's a spur gear at 
each end of the gyro rotor shaft. Only the gear 
at the locking end meshes with the spinning gear. 
The second spur gear is the re only to balance 
the weight and air resistance of the first one. 

Now take another look at figure 8-15. The 
centering pin extends through another opening in 
the after face of the gyro pot. It fits in the 
locking Socket in the center of the locking disc 
(fig. 8-13). As long as the centering pin is 
in that socket, the gyro is locked rigidly in 
place. 


GYRO SPIN NIPPLE SPINNING TURBINE 
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Figure 8-15.—Spinning and unlocking 
mechanism in locked position. 

Compare figure 8-15 with figure 8-16, which 
shows the mechanism in its unlocked position. 
The spinning gear shaft has moved aft, and the 
spinning gear is no longer engaged with the spur 
gear of the gyro. The centering pin has with- 
drawn into its housing, leaving the gyro unlocked. 

Figure 8-17 is a schematic diagram of the 
mechanism. We'll admit it looks complicated. 
But it will look simple to you after you do three 
things: 

1. Study the explanation patiently; go back 
if you get lost. 

2. Each time we name a part of the mech¬ 
anism, find that part in the diagram, and put 
your finger on it. 

3. Keep comparing the diagram with figures 
8-15 and 8-16, to see what the parts actually look 
like. 

(When you've finished your study, you can 
test your understanding of the mechanism by 
trying to explain it, in your own words, to some- 
body else. Use the figures, but don't read from 
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the text. When you can make somebody else 
understand it, you've mastered it for yourself.) 
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Figure 8-16. — Spinning and unlocking 
mechanism in unlocked position. 

Figure 8-17 shows the mechanism in its 
locked position. Remember, as you look at the 
diagram, that the spinning gear (find it in the 
diagram) is at the forward end of the mechanism. 
And the spinning turbine wheel (find it) is at the 
after end. 

When there's no gyro in the torpedo, you 
leave the mechanism unlocked. After you 
assemble the gyro into the pot, you engage it 
with the centering pin and the spinning gear. To 
do that, you have to cock the spinning and un¬ 
locking mechanism by hand. 

To understand the cocking action, first find 
the locking lever in figure 8-17. (It's at 
bottom center.) This lever is keyed to its 
shaft. And it extends forward to an opening in 
the forward face of the frame. In figures 8-15 
and 8-16 you can see the forward end of the 


lever protruding through the frame. To cock 
the mechanism, you use an L-shapedtool. Look- 
ing at figure 8-16, picture the tool in place, with 
its short end engaged in the Socket in the locking 
lever, and its long end extending downward. 
You cock the mechanism by pushing the long end 
of the tool aft. (That's to the right in the 
picture.) 

That action brings the locking lever down to 
the position shown in figure 8-15. At the same 
time, it extends the centering pin and the spinning 
gear to the positions shown in figure 8-15. The 
gyro and its spur gear are both free to turn, so 
you have to guide the spinning gear and centering 
pin into engagement by hand. (And you’11 have 
to learn to do this by touch, because your hand 
will block your view.) 

Now turn back to figure 8-17, and let's see 
what happens when you cock the mechanism. 
(Remember that in this picture the mechanism is 
already cocked. You'11 have to use a little 
imagination to see how it got that way.) 

When you cock the mechanism, you pull the 
forward end of the locking lever down. Since 
the lever is keyed to its shaft, it turns the 
shaft counterclockwise (looking at it from the 
port side). And the shaft turns the spring 
bell crank assembly counterclockwise. As it 
turns, this assembly does two things. First, 
it compresses the spring (lower left in the 
diagram). Second, it carries the pinion (near 
the center of the diagram) forward. 

The teeth of the pinion mesh with those 
of the lower rack. The lower rack is fixed, 
and can't move in any direction. So, as it 
moves forward, the pinion must roll over the 
lower rack. It rolls counterclockwise (stili 
looking from the port side). And since the 
pinion teeth mesh with those of the upper rack, 
the pinion carries the upper rack forward. 
The upper rack is carried forward not only by 
the FORWARD motion of the pinion, but also by 
the ROLLING motion of the pinion. For that 
reason, it moves forward TWICE AS FAR as 
the pinion does. 

(If you can't see why that is so, you can 
do a simple experiment to make it ciear. Find 
a length of dowel and put it on the workbench. 
Lay a ruler over the dowel, at right angles to 
it. The workbench represents the lower rack 
(which can't move); the dowel represents the 
pinion; and the ruler represents the upper rack. 
Now roll the dowel forward and let it carry the 
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UNLOCKING 
GEAR TRAIN 

WORM WHEEL 
AND GEAR 
PINION 


SPINNING SHAFT 


SPRING LEVER 


UNIOCKING BAR 


SPINNING GEAR 


UNLOCKING RACK 
SPRING CASE MINGE 

SPRING CASE 


SPINNING SHAFT .SLEEVE 


SPINNING TURBINE 
WHEEL 



SPRING ROD 


SPRING ROD 


UNLOCKING TIMING 
ADJUSTMENT ASSEMBLY 


CENTERING PIN 


VALVE 


FRONT 

PLATE 


UPPER RACK 


SPINNING GEAR FRAME 


SWIVEL 

BLOCK 


VaLVE BELL CRANK ASSEMBLY 


SPRING BELL CRANK ASSEMBLY LOCKING LEVER HAND-TRIP LEVER ASSEMBLY 

Figure 8-17. —Schematic diagram of the spinning and unlocking mechanism. 
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ruler along with it. If you can keep your model 
from slipping, you'11 see that the ruler travels 
twice as far, and twice as fast, as the dowel.) 

As the upper rack moves forward, itcarries 
the spinning shaft forward. And the spinning 


shaft carries the spinning gear and the spinning 
turbine wheel forward. 

Look at the lower rack again. It serves as 
a housing for the centering pin. Although the 
rack can't move, the centering pin can move 
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fore-and-aft inside it. Now find the toe that 
extends downward from the after end of the upper 
rack. That toe rides in a slot that’s cutthrough 
the aiter eiid of the lower rack. A short 
section of the centering pin is machined to a 
bmaller diameter than the rest of the pin. 
The toe of the upper rack fits into that reduced- 
diameter section on the pin. So, as the upper 
rack moves forward, the toe will carry the 
centering pin forward. 

Now find the hand-trip lever assembly. (Its 
main part is a vertical shaft, near the middle 
of the diagram.) The lever shaft is free to 
rotate on its vertical axis. Its spring tends 
to tum it counterclockwise (looking from the 
top.) At the upper end of the hand-trip lever 
is a key that fits in anotchon the unlocking bar. 
The unlocking bar can slide from side to side, 
but it has no fore-and-aft movement. The 
tension on the hand-trip lever tends to slide 
the unlocking bar to port. 

At the forward end of the upper rack, you 
can see the locking bar. When you cock the 
mechanism and force the upper rackforward, the 
unlocking bar snaps in behind the locking bar. 
That locks the whole mechanism. Now, although 
the spring is under compression, it can’t move 
any part of the mechanism. 

Find the unlocking rack, near the top of 
the diagram. This rack can slide from side to 
side, but not fore-and-aft. The unlocking gear 
train moves fore-and-aft withthe spinning shaft. 
But its pinion is engaged with the unlocking 
rack only when the mechanism is locked. (Check 
this in figures 8-15 and 8-16.) 

One thing more. When your cocking action 
turas the locking-lever shaft, it also turns 
the valve bell crank assembly. And the swivel 
block, at the end of the valve bell crank, opens 
the valve in the air chamber under the spinning 
turbine wheel. 

Here’s a quick summary of conditions when 
the mechanism is locked. The spring is com- 
pressed. The unlocking bar has slipped behind 
the locking bar and locked the whole mechanism. 
The centering pin and spinning gear are forward, 
engaged with the gyro. The spinning turbine 
wheel is forward, over its air chamber. The 
air valve in the chamber is open. The spinning 
shaft is meshed, through the unlocking gear 
train, with the unlocking rack. 

Back in chapter 7, you learned that high- 
pressure air travels directly from the torpedo 


starting valve to the spinning and unlocking 
mechanism. This air line is securedto the gyro 
spin nipple at the top of the frame. (Fig. 8-15.) 
From the nipple, air travels down through a 
passage on the starboard side of the mechanism, 
through the valve, and into the chamber under 
the spinning turbine wheel. The valve opens when 
you cock the mechanism. But because the air is 
shut off at the starting valve, no air will enter 
the mechanism until you fire the torpedo. 

Now look at figure 8-17 again, whileweshow 
you what happens when you fire the torpedo. As 
soon as the torpedo starting valve opens, high- 
pressure air enters the mechanism. It passes 
through the valve, which is already open, and 
into the chamber under the turbine wheel. From 
there it jets upward through the four ports in 
the chamber, and strikes the turbine buckets 
on the spinning turbine wheel. The turbine 
wheel spins clockwise (looking at its after 
side). In the first 3/5 second after the starting 
valve opens, the turbine wheel will spin through 
about 60 revolutions. At the end of that time 
the gyro will be up to full speed—20,000 rpm. 

As the spinning shaft turns, its worm turns 
the unlocking gear train. In the diagram, the 
arrows on the gears Show which way they tum. 
Follow the motion through the gear train, to 
see how the small pinion forces the unlocking 
rack to starboard. 

As it moves to starboard, the unlocking rack 
engages the unlocking bar. And then it moves 
the unlocking bar to starboard, out from behind 
the locking bar. Now the mechanism is unlocked. 
Instantly, the spring snaps the bell crank 
assembly aft. The bell cranks carry the pinion 
aft. And the pinion carries the upper rack aft 
(twice as far and twice as fast as the pinion). 

The upper rack carries the spinning shaft 
aft. The spinning gear disengages from the 
gyro, and the turbine wheel moves away from the 
air chamber. The valve bell crank moves the 
swivel block down from under the valve. The 
pressure above the valve closes the valve and 
shuts off the air. 

But here’s a problem. The spinning gear 
must disengage BEFORE the centering pin 
unlocks the gyro. Otherwise, the spinning gear 
will apply an unbalanced force to the gyro, 
and start it precessing. The mechanism solves 
that problem neatly. As you can see clearly in 
figure 8-16, the reduced-diameter sectionofthe 
centering pin is considerably longer than the toe 
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of the upper rack. When the mechanism unlocks, 
tbe toe has some free travel before it strikes the 
shoulder at the rear ot the centering pin. That 
free travel lets the spinning gear disengage 
from the gyro BEFORE the centering pin unlocks 
it. 

There’s one more feature of the mechanism 
to explain. That’s the unlocking timing adjust- 
ment assembly (at the left in figure 8-17, just 
above center). The spring rod of this assembly 
is cut away in the diagram to give you a ciear 
view of the unlocking gear train. 

We want the gyro to take over the steering 
as soon as possible. So the spinning mechanism 
must unlock just as soon as the gyro gets up 
to speed—but not before. By making the timing 
adjustment, you can control how long the mech¬ 
anism spins the gyro before it unlocks. 

The adjustment is simple. By turning the 
knurled knob, you can move the spring rod to 
port or starboard. And the spring rod, through 
the spring lever, moves the unlocking rack to 
port or starboard. (Of course you can make this 
adjustment only when the mechanism is unlocked 
and the gear train disengaged from the unlocking 
rack.) The spring in the spring case acts as a 
friction brake to keep your adjustment from 
slipping. 

Let’s say that the spinning time is too 
short, and the mechanism unlocks too soon. 
AU you have to do is move the unlocking rack 
to port. Then it will have to travel farther 
before it strikes the unlocking bar. And the 
spinning shaft will have to spinlonger before the 
mechanism unlocks. 

PALLET MECHANISM,—Nowyouunderstand 
how the gyro works, and how it’s mounted in the 
torpedo. You know how we bring it up to speed, 
and how we keep it spinning throughout the 
torpedo run. And you know that, no matter which 
way the torpedo may tum, the gyro axis will 
keep pointing in the same direction. Throughout 
the torpedo run, the gyro wiU indicate the 
proper course. 

Your next problem is this: How can we 
translate gyro position into actual rudder throw? 
In other words, how do we make the gyro steer 
the torpedo? 

We can't ask the gyro itself to do any work. 
We can’t let the gyro throw the rudders. We 
can't even let it operate the valve of the steering 
engine. Why not? Because if the gyro does 
actual work, it will have to overcome the resist- 


ance of the mechanism it works on. That resist- 
ance would apply a force to the gyro. And force 
on a gyro makes it precess. After precession, 
the gyro would be useless for steering the 
torpedo. 

So, if we use the gyro to steer the torpedo, 
we must do so without disturbing the gyro in any 
way. We can't take any force from the gyro, nor 
can we apply any force to it. 

That's where the paUet mechanism—the 
"detecting” part of our steering System—comes 
in. Throughout the torpedo run, this mechanism 
repeatedly, and very delicately, “feels” the 
gyro mount, to determine its position. And 
then the paUet mechanism—not the gyro itself— 
suppiles the force to operate the valve of the 
steering engine. 

In figure 8-1 you can see the paUet mechanism 
in place on the gyro top piate. Figure 8-18 is a 
closer view. Ih this picture, you’re looking down 
from the starboard side. The right-hand end of 
the picture is forward, the left end aft. To make 
the picture simpler, we’ve removed most of the 
depth mechanism. And we've removed the 
steering engine from its bracket on the star¬ 
board side of the gyro pot. (When the steering 
engine is in place, its valve is linkedto the valve 
connecting arm. Check this in figure 8-1.) 

In figure 8-19, you can see the two pallet 
pawls and their linkage. (Remember that the left 
side of the diagram is aft.) The paUet pawls 
are mounted on pivots that extend upward from 
the gyro top piate. (Find these pivots in figure 
8-19.) Each pallet pawl is free to tura on its 
pivot. And the two pawls are linked together. 

Throughout the torpedo run, the paUet blade 
(find it in figure 8-19) continuaUy moves fore- 
and-aft. (We’U explain that a little later.) If 
the paUet blade is turned a little to port, it wiU 
strike the tip of the port pallet pawl on its back- 
ward stroke. H it's turned a little to the star¬ 
board, it wiU strike the tip of the starboard pallet 
pawl. 

Now let’s see what happens when the paUet 
blade pushes the tip of the port paUet pawl aft. 
The port paUet pawl wUl tura on its pivot. 
Through the linkage between the two pawls it 
wiU push the tip of the starboard pallet pawl 
forward. And it will also push the adjustable 
connection forward. 

When the paUet blade pushes the starboard 
pallet pawl aft, the tip of the port pawl will 
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Figure 8-18.—Pallet mechanism. 


move forward. And the adjustable connection 
will move aft. 

Figure 8-20 shows howthe bell crankchanges 
the fore-and-aft motion of the adjustable con¬ 
nection into a rotary motion. When the connection 
moves forward (that's to the right in the 
picture), the bell crank turns clockwise (looking 
from the starboard side, as you are in figure 
8-20). When the connection moves aft, the bell 
crank turns counterclockwise. 


In figure 8-21 you can see the linkage from 
the bell crank to the steering engine. When the 
bell crank turns clockwise, it pushes the connec¬ 
tion spool down. The connection spool pulls the 
after end of the valve rock shaft arm down. The 
valve rock assembly turns on its pivot. And the 
valve connection arm pulls the steering engine 
valve forward. 

As we'll explain later, a forward movement 
of the valve makes the steering engine piston 
move aft. The piston pushes the rudder rodaft. 
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Figure 8-19.—Diagram of pallet mechanism. 
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Figure 8-20.—Aetion of the bell crank. 
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Figure 8-21.—Linkage to the steering engine. 


And the rudder rod, through its yoke, applies 
left rudder. 

When the bell crank turns counterclockwise, 
the whole linkage moves in the opposite direction. 
And the rudder rod moves forward and applies 
right rudder. 

At first glance, the linkage looks more 
complicated than it needs to be. For example, 
the bell crank might move the valve rock shaft 
arm directly, instead of through the connection 
spool. But the connection spool serves an 


important purpose. It lets you fire the torpedo 
with an angle setting on the gyro. (We'll explain 
angle fire later.) When you set a gyro angle 
into the torpedo, you turn the whole top piate 
of the gyro pot. And the top piate carries the 
pallet mechanism with it. A fixed linkage 
between the bell crank and the rock shaft arm 
would make this impossible. The connection 
spool makes it possible to turn the gyro top 
piate without affecting the linkage to the steering 
engine. 

Now compare the diagrams shown in figures 
8-19 to 8-21 (inclusive) with the pictures in 
figures 8-18 and 8-1, to see what the parts 
actually look like in the torpedo. 

If you've followed the motion through the 
whole linkage, you've seen that when the pallet 
blade turns to port, the steering engine applies 
left rudder. When the pallet blade turns to 
starboard, it applies right rudder. Now we'll 
see how the gyro turns the pallet blade. 

The pallet blade is secured to the top of 
a vertical shaft—the pallet shaft. The pallet 
shaft extends downward into the gyro pot. 

Figure 8-22 shows the separate parts of the 
pallet slide assembly. The pallet shaft passes 
through a bushing in the pallet holder. The 
lower end of that bushing fits in a hole in the 
pallet slide. Throughout the whole torpedo run, 
the pallet slide keeps moving back and forth. 
And as it moves, the slide carries the pallet 
holder, the pallet shaft, and the pallet blade along 
with it. The pallet shaft is free to turn inside 
its bushing, but it has to move back and forth 
with the slide. 

What gives the slide its back-and-forth 
motion? Look at figure 8-18 again. In the 
assembled torpedo, the main drive shaft passes 
just above the top piate of the gyro pot. A 
gear on the main drive shaft meshes with the 
pallet driving gear. And the pallet driving 
gear, through the driving connection and bevel 
pinion, turns the cam bevel gear. (Find all 
these parts in figure 8-18.) 

Under the cam bevel gear, onthe same shaft, 
is an eccentric cam. That cam turns inside the 
large hole at the forward end of the pallet 
slide. (Find it in figure 8-22.) As it turns 
the cam moves the pallet slide back and forth. 

In figure 8-22 you can see the two cam 
pawls at the lower end of the pallet shaft. 
They're made from a single piece of metal, and 
they're rigidly attached to the shaft. These 
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Figure 8-22.—Parts of the pallet slide 
assembly. 

two pawls are the “fingers” that “feel” the 
gyro, to find out if the torpedo has turned off its 
course. 

The part they feel is the edge of the cam 
piate—a ring that’s mounted on top of thegyro's 
outer gimbal. Figure 8-23 is a picture of it. 
When it's in place on the gyro, the center of 
the cam is in line with the gyro axis. 

In the upper edge of the cam piate, a 
groove runs clockwise from the cam, around to 
the other side of the piate. Another groove runs 
counterclockwise, around the lower edge of the 
piate. 

If you turn back to figure 8-13, you can see 
the cam piate mounted on top of the outer 
gimbal. And you can see the pallet shaft, with 
its two cam pawls, extending down from the top 
of the gyro pot. Remember that throughout the 
torpedo run the shaft and itp pawls keep moving 
forward (away from you in the picture) and aft 
(toward you). 

As the pallet slide moves toward the center 
of the top piate, it carries the pallet shaft 
and its cam pawls toward the cam piate. Now 



Figure 8-23. —Top view of the cam piate, 
looking forward. 


let's say that the torpedo is under way, and 
that it's exactly on course. Then, as the two 
cam pawls approach the cam piate, they’11 
straddle the cam without touching it. The port 
pawl will gointo the upper groove, and the star- 
board pawl will go into the lower groove. There 
will be no force on either pawl. So there will be 
no rotation of the pallet shaft, and no orders 
to the steering engine. 

Now let's say that the torpedo has turned 
off its course, in either direction. That means 
that the torpedo, and the whole pallet mechanism 
along with it, has turned with respect to the 
cam piate. (Since the cam is always on the gyro 
axis, it stili indicates the proper course.) 
Now, when the two cam pawls approach the cam, 
they'11 no longer straddle it. One of the two 
pawls will touch the cam, and stop. The other 
will keep going into its groove. When the cam 
stops one of the pawls, it forces the pallet 
shaft to turn. And the pallet shaft turns the 
pallet blade. Then, when the pallet slide moves 
aft again, the pallet blade will strike one of the 
pallet pawls. And the linkage will sendanorder 
to the steering engine, to bring the torpedo back 
on course. 

Actually, the torpedo doesn't stop turning 
when it comes back on course. It swings off 
course on the other side. And you can easily 
see why. When the steering engine gets an order, 
it throws the rudder hard over. The rudder 
stays there until the engine gets the opposite 
order. And there will be no new order to the 
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engine until the torpedo has crossed its course, 
so that the other cam pawl can strike the cam. 

So the track of a torpedo isn’t a stralght 
line. The rudder oscillates constantly, and the 
torpedo weaves back and forthacross its course. 
But because the pallet mechanism is sensitive, 
the weaving is small; the actual track is very 
close to a straight line. 

Now, for a quick review, let’s follow a 
steering order through the whole mechanism, 
from the gyro to the rudder. 

Let’s say that the torpedo has turned off its 
course to port. The gyro axis and the cam piate 
stili are parallel to the course; the torpedo 
has turned around the gyro and cam piate. The 
torpedo axis is pointing left of the gyro axis. 
Since the pallet shaft is abaft the cam piate, 
it has moved to the starboard side of the cam. 
Here’s what happens: 

1. When the pallet slide moves forward, 
the port cam pawl strikes the cam. 

2. The pallet shaft turns counterclockwise 
(looking down from the top). 

3. The pallet blade swings to starboard. 

4. When the pallet slide moves aft, the 
pallet blade strikes the tip of the starboard 
pallet pawl. 

5. The tip of the starboard pallet pawl 
moves aft. 

6. The tip of the port pallet pawl moves 
forward. 

7. The adjustable connection moves aft. 

8. The bell crank turns counterclockwise 
(looking from the starboard side). 

9. The bell crank moves the connection 
spool up. 

10. The connection spool moves the after 
end of the valve rock shaft arm up. 

11. The valve rock assembly pushes the 
steering engine valve aft. 

12. The steering engine piston moves 
forward. 

13. The steering rudder rod moves forward. 

14. Through its yoke, the rudder rod applies 
right rudder. 

15. The torpedo turns to starboard, back 
toward its course. 

Now let’s say that the torpedo has turned 
off its course to starboard. This time, you 
take it. If possible, explain it to somebody 
else. If there’s nobody handy, PRETEND that 
you’re explaining it to somebody else. Don’t 


skip anything. And use the picture s and dia- 
grams to make your explanation ciear. 

STEERING ENGINE.-You’ve seen how the 
steering engine gets its orders from the gyro. 
And you learned in chapter 7 how the engine’s 
piston Controls the rudders. Figure 8-24 is a 
cutaway view of the engine itself. The right- 
hand end of the picture is forward. 

The engine valve is a slim cylinder. Notice 
the three places—one in the middle and one near 
each end—where the valve has been machinedto 
a smaller diameter, so that air can flow around 
it. Air from the reducing valve reaches the 
engine valve through a chamber near its center. 
An exhaust port extends downward at each end 
of the valve. (Find the se parts in figure 8-24.) 

In figure 8-24, the valve has been thrown 
aft. That lets air from the inlet chamber enter 
the after end of the cylinder, forcing the piston 
forward. At the same time, it lets air in the 
forward end of the cylinder go out through the 
exhaust port. 

When the pallet linkage moves the valve 
forward, the opposite action takes place. Air 
exhausts from the after end of the cylinder. 
It enters the forward end of the cylinder, and 
forces the piston aft. 

ANGLE FIRE.—Up to now, we’ve assumed 
that the pallet shaft is always in line with the 
gyro axis. And we’ve assumed that the pallet 
slide moves forward and aft. But those things 
are true only when you fire the torpedo with 
zero gyro angle. 

For an angle shot, you set the gyro angle 
through the gyro setting socket on the outside 
of the torpedo. The socket, through a gear 
train, turns the gyro top piate through the 
desired gyro angle. (But note carefully that 
it does NOT move the gyro.) The top piate 
carries the whole pallet mechanism around with 
it. Since an eccentric cam drives the pallet 
slide, the slide will stili have its back-and- 
forth motion in its new position. That motion 
will no longer be fore-and-aft, but it will 
stili be toward and away from the center of the 
gyro top piate. 

Figure 8-25 shows the angle of the gyro, the 
pallet and the rudder, for both a straight shot 
and an angle shot. In diagram A, the torpedo 
is ready to be fired on a straight shot. There’s 
no gyro angle set. The cam pawls are in line 
with the gyro axis and the cam, ready to correct 
any deviation from the course. 
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Figure 8-24. —Cutaway view of the steering engine, with piston forward. 


In diagram B, the torpedo is ready to be 
fired on an angle shot. You've set the desired 
gyro angle by turning the gyro top piate, and 
moving the cam pawls away from the gyro axis. 
The angle between the cam pawls and the gyro 
axis is exactly the angle you want the torpedo 
to turn through. Notice that for an angle shot, 
as well as for a straight shot, the gyro axis 
is fore-and-aft at the moment of firing. 

Diagram C shows the torpedo under wayon an 
angle shot. The cam pawls havedetected that the 
torpedo is off its set course. They've turned 
the pallet shaft, and the pallet mechanism has 
thrown the rudder to port. In the diagram, the 
rudder has turned the torpedo part way through 
the desired angle. And the cam pawls are 
partially around to the gyro axis. Notice that 
the gyro axis is stili pointed in its original 
direction. 

In diagram D, the torpedo has straightened 
out on the course you set it for. The cam pawls 
have moved around into line with the gyro axis 
and the cam. The rudder is oscillating in the 
normal way. And the gyro axis stili is pointing 
in the original direction. 


DEPTH MECHANISM 

While the steering engine brings the torpedo 
onto its proper course and keeps it there, the 
depth mechanism brings it to its proper depth 
and keeps it there. The two horizontal depth 
rudders control the running depth of the torpedo. 
The depth engine, powered by compressed air 
from the reducing valve, operates the rudders. 
And the depth mechanism sends orders to the 
valve of the depth engine. 

This system has two sensing parts—ahydro- 
static diaphragm and a pendulum. The flexible 
diaphragm is open to sea water on one side, and 
a spring resists the pressure of the water. The 
stronger the wate-' pressure, the farther the 
diaphragm will move against the force of the 
spring. 

Since the pressure of the water depends on 
the depth (as we showed you in chapter 2), we 
can use the position of the diaphragm to show if 
the torpedo is running at the set depth. And 
since the pendulum responds to gravity, and 
tends to hang straight down, it can determine 
the angle at which the torpedo is changing depth. 
The diaphragm and pendulum work in opposition 
of each other to give a more gradual dive or 
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Figure 8-25. —Angle shot, showing angi e of 
the gyro, pallet, and rudder. 

climb. However, the pendulum actlon cannever 
overcome the diaphragm action. 

There are two reasons why the depth engine 
may need new orders. First, the torpedo may 
be running at the wrong depth. Second, it 
may be changing its depth at too steep an angle. 

Let’s say that the torpedo is running below 
the depth you set it for. The diaphragm responds 
to the extra water pressure and sends an “UP 
RUDDER” orderto the depth engine. The torpedo 
begins to climb. If the engine gets no further 
orders, the torpedo will be climbing fast when 
it reaches the right depth, and it will overshoot. 
Then the diaphragm will send a “DOWN 
RUDDER” order. The torpedo will go downand 
overshoot again. So, if the torpedo is going 
to make a successful run, the depth mechanism 
must control not only its depth, but also the 
rate at which it changes depth. 


Figure 8-26 shows schematically how the 
diaphragm and pendulum work together. 

Under the diaphragm is a sealed chamber of 
air. Sea water reaches the upper surface of 
the diaphragm through suitable passages, and 
tends to push it down. The spring, being under 
tension, resists this downward pressure. (By 
adjusting the tension on this spring, you can 
set the depth at which the torpedo will run.) 

Now, to see how the mechanism works, let’s 
say that the torpedo is running below the set 
depth, with its axis horizontal. Water pressure 
pushes the diaphragm down, against the force of 
the spring and the resistance of the air trapped 
in the chamber. The downward movementofthe 
diaphragm rocks the diaphragm lever counter- 
clockwise. Since the diaphragm has only a 
limited movement, the lever is pivoted near the 
diaphragm, so that it multiplies the diaphragm 
movement by a factor of 18. 

The pendulum lever and link transfer the 
rocking movement to the pendulum, swinging it 
forward. (That’s to the left in the diagram.) 
The pendulum pulls the buffer rod forward. The 
valve-operating lever pivots and moves the valve 
stem aft. The depth engine is built so that its 
piston follows the movement of the valve. So 
the piston moves aft, applying up rudder, and the 
torpedo begins to climb. 

But as the torpedo turns upward, gravity 
tends to pull the pendulum aft (to the right in 
the diagram), against the action of the diaphragm. 
That reduces the amount of up rudder. When the 
climbing angle is just steep enough to make the 
diaphragm action balance the pendulum action, 
the rudder will be in neutral. But the torpedo 
will stili be climbing. 

As it climbs, the water pressure becomes 
less. So the downward pressure on the dia¬ 
phragm decreases. That lets the pendulum move 
farther to the right, and apply down rudder. So 
the torpedo begins to level off. It reaches its 
set depth at a slow rate of climb. In that way, 
the pendulum tends to prevent overshooting. 
And the torpedo runs at anearlyuniformdepth— 
the depth you’ve set by adjusting the tension 
on the diaphragm spring. 

A cutaway view of the depth mechanism is 
shown in figure 8-27. Identify the parts by 
comparing this picture with the schematic 
drawing (fig. 8-26). 
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Figure 8-26. — Schematic diagram of the depth mechanism. 


Depth Engine 

Like the steering engine, the depth engine 
works on compressed air from the reducing 
valve. But there's a big difference inthedesign 
of these two engines. When you move the valve of 
the steering engine in one direction, the piston 


goes full-throw in the opposite direction. It 
has no in-between positions. But the piston of 
the depth engine moves in the same direction as 
its valve. And it follows the valve exactly. So 
the depth engine can hold the horizontal depth 
rudders at any position between full up and full 
down. 
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Figure 8-27. — Cutaway view of the depth mechanisms. 
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Figure 8-28 is a diagrammatic drawing of 
the depth engine. (To make it simple, we've 
shown all the passages through the piston as 
if they were in the same plane. Actually, 
they're in three different planes.) Passage 1 
supplies air from the reducing valve to the 
engine valve. Passages 9 and 10 open into the 
afterbody. 

Here's how it works: Suppose, first, that 
you move the valve forward. (That's to the 
left, in this picture.) The valve uncovers pas¬ 
sa ge 2. Air from the inlet (passage 1) goes 
through 2 to the after end of the cylinder. It 
pushes the piston forward. Some of the air in 
the forward end of the cylinder leaks past the 
piston rings, goes through passages 3 and 8, 
and into the afterbody through 9 and 10. The 
rest of the air in the forward end goes through 
5, past the valve, through 7, and then into the 
afterbody through 9. 

The piston moves forward, following the 
valve, until it's again centered on the valve. 
Then the valve covers passage 2, and shuts off 
the air to the after end of the cylinder. 

VARIA TIONS IN CONTROL MECHANISMS. — 
Up to this point we have talked as if the 
control mechanisms were exactly alike in all 
torpedoes you’11 have to work with. Of course 
this is not true at all. For example, when you 
fire a torpedo from the submerged tubes of a 


submarine, the re’s no way you can set the gyro 
angle through the bottom Socket. Submerged 
tubes use only the side setting or electrically 
set sockets. So, in torpedoes that you fire only 
from submarines—such as the Mk 16—the gear 
train for the bottom Socket is either missing or 
inoperative. 

You’11 find variations in some of the other 
parts, such as the spinning and unlockingmech- 
anism. And in some of the advanced underseas 
weapons, there is no pallet mechanism at all. 
An electric contact, rather than a pair of cam 
pawls, read the position of the gyro. This is 
advantageous first because the electric device 
is extremely accurate; and second because it's 
silent (the pallet mechanism of an air-steam 
torpedo is noisy). 

In some of the advanced underseas weapons, 
you make the gyro and depth settings electrically. 
One advantage of this over the settings in the 
air-steam torpedo is that they are more exact 
than any you can make by turningaspindle. The 
tube has no spindles towithdraw, and the torpedo 
has no setting sockets. Both settings can be 
changed right up to the instant of firing; the 
cable cutter does not clip the cable until after 
the torpedo has begun to move through the tube. 

How can you make the settings electrically? 
First, you make the settings on the dial of a 
synchro transmitter (at the torpedo control 



Figure 8-28.—The depth engine. 
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station). Current flows through the cable and 
brings a synchro receiver (inside the torpedo) 
to the same setting as that on the transmitter. 
The synchro receiver Controls a servo motor 
that makes the gyro or depth setting. You can 
read a 11 about synchros in OP 1303, United 
States Navy Synchros. 

Most of the advancedunderseas weapons have 
electric steering and depth motors. Some have 
electric solenoids. This system eliminates the 
need for compressed air in the torpedo, and 
enables the torpedo to run much quieter. And a 


solenoid or electric motor is a much simpler 
mechanism to repair or replace than the depth 
and steering engines oftheair-steamtorpedoes. 
We will give you more information on the 
advanced underseas weapons and their control 
mechanisms in chapter 18 of this course. 

REFERENCES 

OP 635, Torpedoes Mk 14 and 23 Types. 

OP 642, Torpedo Mk 15 Type. 

OP 1303, United States Navy Synchros. 


QUIZ 


1. What two properties of a gyro make it 
useful for steering a torpedo? 

2. Teli, as briefly as possible, what happens 
when you try to change the direction of a 
spinning gyro’s axis. 

3. What do we mean by three degrees of 
freedom in a gyro? 

4. Explain how we mount the gyro in the tor¬ 
pedo to give it three degrees of freedom. 

5. When is a gyro in static balance? 

6. Explain why a gyro in static balance will 
creep. 

7. How do latitude and length of run affect the 
amount of creep? 

8. How can the balance nut be used to prevent 
creep? 

9. What keeps the gyro spinning during the 
run of the air-steam torpedo? 

10. What is the need for two spur gears on the 
gyro rotor? 


11. What three things does the spinning and 
unlocking mechanism do to the gyro after 
you fire the torpedo? In what order does it 
do the se things? 

12. What is the functionof the pallet mechanism? 

13. How does the pallet slide get its back-and- 
forth motion? 

14. Where does the power for the pallet mech¬ 
anism come from? 

15. Which part of the depth mechanism deter¬ 
mines whether or not the torpedo is running 
at the proper depth? 

16. What is the function of the pendulum? 

17. What is the basic difference between the 
steering engine and the depth engine in the 
air-steam torpedo? 

18. In advanced underseas weapons, whatreads 
the position of the gyro? 

19. What are some of the advantages of theway 
the gyro is read in advanced underseas 
weapons over the gyro reading of the air- 
steam torpedo? 
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CHAPTER 9 

BASIC ELECTRICITY AND ELECTRONICS 


INTRODUCTION 

Today there is scarcely a torpedoman who 
does not use or come in contact with electrical 
or electronic equipment. More and more electri¬ 
cal and electronic equipments are being used in 
torpedoes and torpedo operation. And, as the 
torpedoman advances in his rate, he’ll need to 
know more aboutbothelectricityandelectronics. 

The exact amount that you will need to know 
about electricity and electronics will depend on 
your assignment. H you spend most of your time 
working on circuits of advanced underseas 
weapons, you’11 need to have a good working 
knowledge of both. If you spend your time on 
air-steam torpedoes, youcangetbywithalesser 
amount. 

In this chapter we will discuss briefly the 
basic principies of electricity and electronics 
as applied to the duties of the Torpedoman’s 
Mate Third Class and Second Class. If you are 
already familiar with basic electricity and 
electronics, use this chapter as a quick review. 
If you are a beginner, you’11 need more detailed 
Information than we can give you here. At the 
end of the chapter we will list several books 
which you will find helpful. 

DEFINITIONS 

The question WHAT IS ELECTRICITY has 
baffled the world’s greatest scientists for many 
years. The word “electric” is derived from 
the Greek word meaning AMBER. The diction- 
ary says that electricity is "that property of 
certain substances, as amber and glass, when 
activated by friction, to attract.” It is one of 
the fundamental quantities in nature, consisting 
of elementary particles—electrons and protons. 
Ali matter is essentially electrical in nature. 

Electronics deals with the conduction of 
electricity through gases or in a vacuum. The 
vacuum (electron) tube is primarily responsible 
for the rapid evolution of electronics to its 


present stage. It is a basic component of almost 
every piece of electronic equipment that you will 
use. 

ELECTRICITY 

SCHEMATIC DIAGRAMS 

In a schematic diagram, the various parts of 
the Circuit are represented by symbols rather 
than pictures. The se symbols do NOT neces- 
sarily Show the actual position of the parts. A 
schematic is intended only to showhow the parts 
are connected. A schematic diagram shows 
much more information than could be shown in 
a regular wiring diagram. 

ABBREVIATIONS AND SYMBOLS 

There are many abbreviations and symbols 
used in both electricity and electronics. For 
complete coverage of these common abbrevia¬ 
tions and symbols, read appendix V of Basic 
Electricity, NavPers 10086-A, and Military 
Standard, MIL-STD-15A, 18 July 1955. 

ELECTRIC CURRENT 

In chapter 2 of this course you read about 
static electricity—electricity at rest. Now we 
come to electricity in motion. The movement of 
electrons through a wire is an ELECTRIC CUR¬ 
RENT. If a source of power is connected to the 
ends of an electric Circuit, the free electrons 
almost instantly begin to move, Intorpedoes we 
use a battery as the source of power. But no 
matter what the source of power, there is one 
thing that is certain about an electric current: 
It consists of moving electrons. 

Substances that permit free motion of elec¬ 
trons are called CONDUCTORS. The movement 
of free electrons from atom to atom transfers 
electrical energy inside the conductors. Each 
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electron moves a short distance to the neigh- 
boring atom where it replaces one or more 
electrons by forcing them out of their orbits. 
This process is repeated until the movement is 
transferred throughout the entire length of the 
conductor. The more electrons can be made to 
move under a given force, the better are the 
conductive qualities of that material. 

hi contrast to good conductors, some sub- 
stances hold the electrons tight. Material such 
as rubber, glass, and dry wood have few free 
electrons and are consideredgoodINSULiATORS. 
In these materi ais large amounts of energy must 
be used in order to break the electrons loose 
from the influence of the nucleus. Actually, 
there is no Sharp dividing line between con¬ 
ductors and insulators, since electron motion is 
known to exist to some extent in ali matter. 
Electricians simply use the best conductors to 
carry current and the poorest conductors as 
insulators to prevent current flow. 

Listed below are some of the best conductors 
and best insulators arranged in accordance with 
their respective abilities to conduct or to resist 
the flow of electrons. 


Conductors 

Insulators 

Silver 

Dry air 

Copper 

Glass 

Aluminum 

Mica 

Brass 

Rubber 

Zinc 

Asbestos 

Iron 

Bakelite 


Figure 9-1 shows a simple electric current 
flowing from the negative terminalto the positive 
terminal. This direction of current flow is 
opposite to the old established convention which 
assumed current to flow from positive to nega¬ 
tive. From negative to positive is the direction 
of electron flow in conductors and electron tubes 
that make up to a large extent the actual equip- 
ment you will be working with. But before you 
actually do any work, be sure you KNOW which 
way the author assumes the current is flowing. 

UNIT OF QUANTITY 

To find out how much electricity flows in a 
Circuit, we must have a unit of quantity. For 
this purpose we use the COULOMB. There are 
6.3 billion billion electrons in a coulomb. 


UNIT OF CURRENT 

We need a unit to measure the strength of 
the current. If all we know is that a coulomb of 
electricity passes through the Circuit, we can't 
teli anything about the strength of the current. 
So the basic unit is coulombs per second. When 
one coulomb of electricity passes a given point 
each second, we say that a current of one 
AMPERE is flowing. 

UNIT OF PRESSURE 

The unit of electrical pressure is the VOLT. 
Another name for electrical pressure is 
ELECTROMOTIVE FORCE-a force that tends 
to make electrons move. It's abbreviated emf. 
Stili another name for it is POTENTIAL. We 
might say that a dry cell develops an emf of 1.5 
volts, or an electric potential of 1.5 volts. We 
usually use the term emf to refer to the pres¬ 
sure developed by a battery or a generator. 
And, as you'll see later, we often use the term 
potential when we talk about the difference in 
voltage between two points within the Circuit. 

UNIT OF RESISTANCE 

Electrical resistance is that quality of an 
electric Circuit that opposes the flow of current 
through it. The unit of electrical resistance is 
the OHM. The resistance of a conductor de- 
pends on length, diameter, material, and tem¬ 
perature. 

All other things being equal, the longer 
the conductor the greater the resistance, and, 
the greater the diameter the lower its resistance. 

In some circuits the basic units— amperes, 
volts, and ohms—may be too large or too small 



Figure 9-1. —Current flow around a Circuit. 
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to be convenient. We can simplify this by 
borrowing four prefixesfromthe metric system. 
Here they are, with their meanings: 

Kilo—thousand 
Meg (or mega)—million 
Milii—thousandth 
Micro—Millionth 

By combining these prefixes with the basic 
units, we have 12 new units: 

Kiloampere—one thousand amperes 
Megampere—one million amperes 
*Milliampere—one-thousandth of an ampere 
♦Microampere—one millionth of an ampere 
♦Kilovolt—one thousand volts 
Megavolt—one million volts 
* Milii volt— one-thousandth of a volt 
Microvolt—one-millionth of a volt 
Kilohm—one thousand ohms 
♦Megohm—one million ohms 
Milliohm—one-thousandth of an ohm 
Microhm—one-millionth of an ohm 
*We’ve put an asterisk before those you’ll 
use most often. Some of them you’11 never use, 
but if you learn the four prefixes, you’11 recog- 
nize all these units when you see them in print. 

OHM’S LAW 

Ohm studied the relationship between the 
emf, current, and resistance. He madeanexact 
statement of this relationship, which may be 
stated in words, as follows: THE INTENSITY 
OF THE CURRENT IN AMPERES IN ANY ELEC¬ 
TRIC dRCUIT IS EQUAL TO THE DIFFERENCE 
IN POTENTIAL IN VOLTS ACROSS THE CIR¬ 
CUIT DIVIDED BY THE RESISTANCE IN OHMS, 
OF THE CIRCUIT. Expressed as an equation, 
the law be comes I = —, where I is the intensity 
of the current in amperes, E the difference in 
potential in volts, and R the resistance in ohms. 
There are two other ways to state this relation¬ 
ship: 



which says that the resistance (in ohms) is 
equal to the emf (in volts) divided by the cur¬ 
rent (in amperes); and 

E = IR 

which says that the emf (in volts) is equal to 
the current (in amperes) times the resistance 
(in ohms). 


Many times, in actual practice, you’11 know 
two of the values and want to find the third one. 
You can do so quickly by using Ohm’s law. In 
figure 9-2 the emf is 12 volts, and the resist¬ 
ance is 6 ohms. Assume that you don’t know 
the current, and want to find it. For this problem 

E 

you use the formula I = —. Substituting the 

rv 

12 

known values, you get I = -g- = 2. The current 
is 2 amperes. 

Ohm’s law is useful when you analyze a 
simple Circuit. And when you work on the more 
complex circuits of advanced underseas 
weapons, you’U find that Ohm’s law is stiU one 
of your most useful tools. So memorize the 
law now, in all three forms. Learn it so 
thoroughly that you can write it down without 
hesitation. And always use the formula in which 
the unknown quantity appears on the left of the 
equation. 

SERIES AND PARALLEL CIRCUITS 

An electric Circuit is a complete path through 
which electrons can flow from the negative 
terminal of the voltage source; through the con- 
necting wires, or conductors; through the load, 
or loads; and back to the positive terminal of 
the voltage source. A Circuit is thus made 
up of a voltage source, the necessary connective 
conductors, and the effective load. 

There are many types of circuits in some 
torpedoes, ranging from simple series to ex- 
tremely complex series-parallel. As a TM 3 
your duties will be mostly with the simple type. 
But as you advance in your rate you will be re- 
quired to work with the more complicated cir¬ 
cuits. 

The schematic diagram in figure 9-2 repre- 
sents the simplest kind of Circuit. Except for 
the battery, it has only one element—the 
resistance. Most circuits have a number of 
elements. A Circuit in a torpedo may have a 
number of resistors, capacitors, coils, trans- 
formers, etc. Any number of elements can be 
wired into a Circuit in either of three ways: 
in SERIES, in PARALLEL, or in SERIES- 
PARALLEL. 

Series Circuits 

In a series Circuit, all the elements are 
connected “end to end.” The current passes 
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Figure 9-2. — Schematic diagram of a 
simple Circuit. 

through the first element, then through the 
second, and so on. An example of a series 
Circuit is a string of old-fashioned Christmas 
tree lights. The current went through each 
bulb in turn. When one bulb burned out, or 
worked loose in its Socket, no current could 
flow through that bulb. And since the current 
had to go through each bulb in turn, the whole 
string went out. But when you replaced the 
burned-out bulb, or tightened the loose one, the 
lights would come on again. 

Figure 9-3 is a schematic diagram of a 
series Circuit with four resistors. The resis- 
tors are numbered in series, Rl, R2, R3, and 
R4. The current flows through Rl, then through 
R2, and so on. The ammeter (A, with the circle 
around it, in figure 9-3) is also connected in 
series. Any current that flows through the re¬ 
sistors will also flow through the ammeter. In 
a series Circuit, the total resistance is equal 
to the sum of the individual resistances. The 
same amount of current flows through every 
point in the series- Circuit. 

Parallel Circuits 

The parallel Circuit differs from the simple 
series Circuit in that the elements are connected 
INDEPENDENTLY to the power source. There is 
accordingly more than one path that the electrons 
can take. The more resistors you add to a 
parallel Circuit the less opposition there is to 
the flow of electrons from the source. This is 
directly opposite to the effect produced in the 



Figure 9-3.—A series Circuit. 

series Circuit where added resistors increase 
the opposition to electron flow. 

Figure 9-4 shows a Circuit with two resis¬ 
tances connected in parallel. In this Circuit, 
E is 4 volts and each of the two resistances is 
2 ohms. What’s the voltage drop from b to a? 
Since all the resistance in the Circuit is between 
b and a, the drop between the points is equal to 
tjie applied emf—4 volts. What is the voltage 
drop across Rj? The drop across Ri is the same 
as the drop between b and a—4 volts. The cur¬ 
rent flowing through Rj can be found by using 
Ohm’s law: 

Thus, 

E 4 

I = = y = 2 amps. 

By the same method, you can find that the 
current through R2 is also 2 amps. How much 
current flows through point b? The current 
through b is the current through Rj PLUS the 
current through R2, So, 4 amperes are flowing 
through b. When resistances are connected in 
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Figure 9-4. —Simple parallel Circuit. 

parallel, THE TOTAL CURRENT IS EQUAL TO 
THE SUM OF THE INDIVIDUAL CURRENTS. 

A good example of a parallel Circuit is the 
modern Christmas tree lights, where one light 
can go out, and the others keepburning. This is 
because they are connected independently to the 
power source. 

Series-Parallel Circuits 

Occasionally the Torpedoman’s Mate will 
encounter circuits of series and parallel ar- 
rangements. He will need to be able to recognize 
and analyze these combinations. And by the use 
of Ohm’s law the circuitproblemsmaybesolved 
without difficulty. 

A series-parallel Circuit is one in which 
some elements are connected in series, while 
others are connected in parallel. Figure 9-5 
is an example. 

In this Circuit, Rj and R 2 are connected in 
parallel, and this parallel combination is con¬ 
nected in series with R 3 . We can easily find 
the voltage drop across a known resistance if 
we know how much current is flowing through 
it. And since R 3 is connected in SERIES, the 
current that flows through it is the total current 
in the Circuit. We can calculate the total cur¬ 
rent if we can find the total effective resistance. 

The A-C Theory 

We've described a direct current as the 
movement of free electrons from atom to atom 
along the conductor. The direction of current 


flow is always one way in all parts of the Cir¬ 
cuit. But an alternating current (a-c) consists 
of electrons that move first in one direction 
and then in another. The direction of flow 
changes periodically. Most of the theory of 
electric power and Communications deals with 
currents that surge back and forth as alternating 
current. For a complete coverage of the theory 
of alternating current, read Basic Electricity, 
NavPers 10086-A. 

RESISTORS 

hi any shop that handles advanced underseas 
weapons you '11 find a large stock of resistors. 
When you need a certain resistance at some 
point in a Circuit you are working on, you’11 
select a suitable resistor and solder it into the 
Circuit. Be sure you select the right one for 
that particular job. 

Basically, resistors are of two types— 
VARIABLE and FIXED. Vari able resistors are 
used in electronic circuits for volume Controls, 
gain Controls, tone Controls, or anywhere that it 
is necessary for the operator to change the 
resistance of the Circuit. A variable resistor, 
both ends of which are provided with connection 
terminals (in addition to the sliding arm), is 
called a POTENTIOMETER. If only one end of 
the resistance element and the sliding arm are 
brought out to the connection terminals, the 
variable resistance is called a RHEOSTAT. 

Probably the most common of the fixed type 
of resistors is the carbon resistor. Figure 9-6 
shows the AXIAL form of carbon resistor, and 



Figure 9-5.—A series-parallel Circuit. 


148 


Digitized by v^.oo£Le 




Chapter 9-BASIC ELECTRICITY AND ELECTRONICS 


figure 9-7 shows the RADIAL or “bed type" 
form of a carbon resistor. 

COLOR CODE,—Resistors are made in dif¬ 
ferent resistance values. And every carbon 
resistor is marked with areas of color, to 
indicate its resistance. If you memorize the 
code, and learn how to use it, you can instantly 
read the value of any resistor with which you 
must work. Here is the code: 

BLACK.0 GREEN.5 

BROWN.1 BLUE.6 

RED.2 VIOLET.7 

ORANGE ..... 3 GRAY.8 

YELLOW ..... 4 WHITE.9 

To see how the code works, look again at 
the radial resistor in figure 9-7. There are 
three different colors on it: The BODY (marked 
1), the END (marked 2), and a DOT (marked x). 
Here is what the colors mean: 

BODY—first digit 
END— second digit 

DOT—number of zeros to be added to the 
first two digits. 

Note carefully the order in which you read the 
color areas: body, end, and dot. That is easy 
to remember if you note the initial letter of each 
word, and remember the word BED. 

If the body color is green, you know that 
the first digit of the resistance is 5. If the 
end color is yellow, you know that the second 
digit is 4. If the dot is red you know you have 
to add two zeros after the first two digits. So 
the value of this resistor is 5,400 ohms. 

Suppose you can’t find any dot. That means 
simply that the dotis the same color as the body. 
Try this example: 

BODY—yellow 

END—none (yeUow, same as body) 

DOT—none (yellow, same as body) 

I The whole resistor is yellow. So you read: body 
I 4; end 4; and dot 4 zeros. The resistance is 
I 440,000 ohms. 

When there is a silver spot any place on the 
resistor, it means that the TOLERANCE is 10 
percent. If there is a gold spot, the color code 
shows the actual resistance within 5 percent. 
If there is neither silver nor gold spot, the 
tolerance is 20 percent. 

Axial resistors use the same color code, but 
the colors are arranged in bands, starting near 
one end. You ignore the body color and read the 
first band for the first digit, the second band 
shows the second digit; and the third band shows 


the number of zeros. The fourth band, if there 
is one, indicates the tolerance. ALWAYS start 
with the band nearest the end and read inward. 

Wire-Wound Resistors 

Figure 9-8 shows what wire-wound resistors 
look like. They are bigger than carbon re¬ 
sistors. And most of them have solder lugs, 
rather than wire leads. There is no color code 
on wire-wound resistors. The value is usually 
printed on the resistor or on a small metal or 
paper tag attached to it. 

Power Rating of Resistors 

Resistors are made for differentpower. The 
rating shows how much power the resistor can 
safely dissipate. When you choose a resistor for 
a given job, select the one with the proper power 
rating as well as the proper resistance. A 
wire-wound resistor usually has the power rating 
printed on the same tag that shows the resistance. 



4.130 


Figure 9-6.—Carbon resistors, axial 
form. 



4.131 


Figure 9-7.—Color 
code on a radial 
resistor. 
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Figure 9-8.—Wire-wound resistor s. 

Here is a problem in resistor selection. 
Let's say you have to select a bleeder resistor 
for a 600-volt power supply, to carry a current 
of 3 milliamperes. What is the resistance and 
power rating of the resistor you should select? 

The voltage drop across the resistor is 600 
volts, and the current through it is 0.003 amp. 
By using Ohm's law we find that the resistance 
is 20,000 ohms. What about the power? 600 
volts, times 0.003 amp. is 1.8 watts. So yc 
would choose a 2-watt resistor. 

METERS 

The Torpedoman's Mate commonly works 
with ammeters, voltmeters, ohmmeters, and 
other common meters in the repair shop. To 
aid the torpedoman in maintaining the equip¬ 
ment, instruction books and sheets containing 
optimum performance data, such as voltages 
and resistances, are prepared for each piece 
of equipment. 

One of the duties of the Torpedoman's Mate 
is to keep the meters pertaining to his rating 
operating at peak performance levels in order 
that they may be used most efficiently. 

The importance to the Torpedoman's Mate 
of a good understanding of the functional design 
and operation of these electrical measuring 
instruments cannot be overemphasized. For 
in torpedo overhaul, one or more of the follow- 
ing methods are commonly used to determine 
if a piece of torpedo equipment or the circuits 
of a torpedo are operating properly. 

1. Use an ammeter to measure the amount 
of current flowing in the Circuit. 

2. Use a voltmeter to determine the voltage 
existing between two points in a Circuit. 


3. Use an ohmmeter to measure Circuit 
continuity and total orpartial Circuit resistance. 

4. Use a megger (megohmmeter) to detect 
high-resistance shortsandgrounds. Suchshorts 
and grounds cannot always be detected with an 
ohmmeter, which has a low voltage. 

Possibly the most versatile meter in the 
torpedo repair shop is the multimeter (fig. 9-9). 
As you may guess, it can do many jobs. The 
multimeter can measure voltage, current, and 
resistance. It has a single meter, but the 
meter dial has several scales. On the front 
of its case you will find one or more pairs of 
jacks for the test leads, one or more rotary 
switches, and a knob for the adjustable re¬ 
sistor of the ohmmeter Circuit. 

In the multimeter, a number of different 
circuits are wired up. You select the Circuit 
you want by turning the rotary switch, or by 
plugging the test leads into various jacks—or 
both. 

Before you use any meter, doublecheck to 
be sure you have the type of meter you want 
to use. And be sure vou have vour switches 



4.133 

Figure 9-9.—Multimeter. 
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and scales set properly on your multimeter. 
You will find a complete coverage ofeach meter 
in the instruction pamphlet for that meter, and 
in Basic Electricity , NavPers 10086-A. 

BATTERIES 

The basic unit for any battery is a cell. 
A cell consists of a case with cover, one or 
more sets of positive and negative plates, 
separators, piate leads, terminals, and elec¬ 
trolyte. Chemical reactions take place in each 
cell during charge and recharge to enable the 
battery to store and deliver an emf. Batteries 
are built of any number of cells, varying in 
shape and size, depending on the electrical 
requirements of each battery. 

Most of the torpedoes in present use have 
one of two types of cells—either the silvercel 
or the lead acid. Most of the advanced under- 
seas weapons are using the silvercel battery 
type. Though the silvercel battery isextremely 
expensive, it has found wide use in modern 
torpedoes. One of the outstanding features of 
the silvercel battery is that it is a high-rate, 
rechargeable source of power in a small light- 
weight package. It can produce the same amount 
of electrical energy as other battery types, 
though it's only about one-fifth their volume 
and one-sixth their weight. Silvercel batteries 
are stili classified Confidential, so we can't 
discuss them further here. You will find more 
information about them in OP 2192, Silver-Zinc 
Alkaline Batteries . 

Some of the advanced underseas weapons are 
using the lead-acid battery. Figure 9-10 shows 
you what one looks like. 

The torpedo lead-acid battery, like thelead- 
acid battery in your car, is a SECONDARY 
BATTERY, made up of secondary cells. In a 
secondary battery, the electrolyte is a liquid— 
usually a mixture of sulfuric acid and pure 
distilled water. The metal plates of the second¬ 
ary cell undergo a Chemical change as the battery 
discharges, but theydonH dissolve. Andwhenthe 
battery is discharged you can recharge it by 
running an electric current through it. The 
maintenance checkoff lists for the various tor¬ 
pedoes will teli you whento recharge the battery, 
and how much current to use. 

In the cell of a torpedo lead-acid battery. 
the negative plates are made of sponge lead; the 
positive plates are made of lead peroxide. Sep¬ 


arators—thin sheets of insulating material— hold 
the plates apart. And as the cell discharges, 
both negative and positive plates change to lead 
sulphate. When the two types of plates are chem- 
ically the same, no more current willflow. The 
same Chemical action that changes the plates also 
changes some of the sulfuric acid to water. 

How can you teli if a lead-acid battery is 
fully charged? In two different ways. You can 
use a voltmeter to check the voltage across the 
cell terminals, across groups of cells, and 
across the whole battery. Or you can use a 
hydrometer to measure the specific gravity of 
the electrolyte. (Sulfuric acid has a higher spe¬ 
cific gravity than water. As the battery dis¬ 
charges, and some of the sulfuric acid changes to 
water, the specific gravity of the electrolyte 
decreases.) 

Figure 9-11 shows a typical hydrometer. 
The outer tube is made of glass. Inside it is 
a small glass tube, weighted with mercury or 
lead shot in its lower end. At the upper end of 
the smaller tube is a scale of specific gravities. 
To use the hydrometer, draw a sample of the 
electrolyte out of the cell by squeezing the 
hydrometer bulb and then releasing it. Hold 
the hydrometer bulb straight up and down, and 



4.134 


Figure 9-10.—Lead-acid storage battery. 
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Figure 9-11. —Battery hydrometer. 

make sure you've drawn in enough electrolyte 
to float the small tube. Tap the hydrometer 
gently to make sure the inner tube isn't stick- 
ing. And then read the scale at the surface of 
the liquid. 

Specific gravity changes slightly with tem¬ 
perature. The Standard temperature for a tor¬ 
pedo battery is 80 degrees. When you withdraw 
the sample, insert a thermometer into the cell 
to check the temperature of the electrolyte. 
If it is 80 degrees, the value you found on the 
hydrometer scale was correct. If the tempera¬ 
ture is not 80 degrees, you'11 have to use a 
correction factor. When the temperature of 
the electrolyte is ABOVE 80 degrees, ADD the 
correction. When the temperature is BELOW 
80 degrees, SUBTRACT the correction. For 
every 3 degrees off, you add or subtract 1 point. 
(One point = .001.) 


A battery should not be recharged every 
time the specific gravity drops a few points, 
because excessive gases are produced if the 
battery is overcharged andthisactionmay cause 
premature loosening of the active material on 
the plates. However, a fully discharged 
battery having a specific-gravity reading of 
1.060 should be immediately and completely 
recharged. 

The following types of charges may be given 
to a lead-acid storage battery, depending upon 
the condition of the battery: (1) Initial charge, 
(2) normal charge, (3) equalizing charge, (4) 
floating charge, and (5) emergency charge. For 
complete coverage on how and when to use 
these types, read Basic Electricity, NavPers 
10086-A, and the maintenance checkoff lists for 
the various torpedoes. 

Occasionally it becomes necessary to add 
distilled water to the battery to replace water 
lost through evaporation—especially during 
charging. 

In each cell there must always be enough 
electrolyte to cover the plates completely. 
When the electrolyte falis below the tops of 
the plates, the exposed part of the piate dries 
out, thus weakening the capacity of the battery. 
But you can't fili a cell all the way to the top 
either. If you do, electrolyte will spill out 
through the plug vent of the cell each time the 
battery is tipped. And since acid is a good con¬ 
ductor of electricity, it is likely to shortout the 
cell. 

Figure 9-12 shows how to bring the electro¬ 
lyte to the proper level by using a self-leveling 
syringe. First fili the syringe with distilled 
water. Remove the cell cap and fillingplug, and 
insert the syringe nozzle into the filling plug 
opening. The tip of the nozzle should rest on 
the top of the separators. Then force water 
into the cell by squeezing the bulb of the 
syringe. 


MOTORS 

Several kinds of work are done by electric 
motors in torpedoes and torpedo repair shops. 
The electric motor converts electric power into 
mechanical power. Electric power is the sim- 
plest, safest, and mosteconomical type of power, 
and for these reasons it is widely used 
in the Navy. Electric motors are safe, con¬ 
venient, and easily controlled. 
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Figure 9-12,—Using a self-leveling syringe. 

There are various types of motors in both 
torpedoes and torpedo repair shop equipment, 
each having characteristics that are advanta- 
geous under given load conditions. (A load is 
that part or combination of parts into which 
power is fed to accomplish a desired resuit.) 

Compound Motors 

Compound motors are possibly the most 
widely used type of motors in torpedoes. They 
are used where large starting torque is neces- 
sary and where the load may be removed from 
the motor with safety. The type used for tor¬ 
pedo propulsion motors must also have a re- 
latively constant speed. Beside being used for 
torpedo propulsion motors, compound motors 
are used for hoists, punches, shears, etc. 
The compound motor is designed to operate 
from constant-potential variable-current d-c 
sources. 

Your work with shunt and series motors, 
will be mostly in torpedo equipment. Shunt 
motors are used in lathes, drills, etc. Series 
motors are used extensively to start internal 
combustion engines, winches, cranes, etc. 

The TM 3 is expected to be able to inspect 
and clean commutators and inspect and replace 
brushes on motors and motor-generators that 
are used with or are apartof torpedo equipment. 
The essential points to remember aboutgeneral 
care of motors are (1) keep the insulation clean 
and dry, (2) keep the electrical connections 
tight, and (3) keepthemachinesingoodmechani- 


cal condition by proper cleaning, lubrication, 
and replacement of defective parts. Use sand- 
paper or a brush seater for fitting and seating 
brushes. Figure 9-13 shows the method of 
sanding brushes. 

When you use sandpaper to fit brushes, dis- 
connect ali power and make sure the machine 
cannot be started while you are doing the work. 
Lift the brushes to be sanded and insert a strip 
of fine sandpaper, sand side up, between the 
brushes and the commutator. With the sandpaper 
held tightly against the commutator, surface and 
the brushes held down by normal spring pres¬ 
sure, the sandpaper is pulled in the direction of 
normal rotation of the machine. When the sand¬ 
paper is reinserted for anotherpull, the brushes 
must be lifted. The operation is repeated until 
the fit of the brush is accurate. And use a 
vacuum to remove the dust during the sanding 
operation; afterwards, the commutator and wind- 
ings must be thoroughly cleaned to remove all 
carbon dust. 

If the commutator retains a smooth 
uniform color, it may be cleaned with a canvas 
wiper. Figure 9-14 shows how to use it. If the 
surface is rough, use a fine grade of sandpaper. 
Periodic inspections and proper cleaning tactics 
will keep commutator troubles to a minimum. 

ELECTRONICS 

You have a foundation in thefieldofelectric- 
ity. You know how electricity is generated, how 
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Figure 9-13.—Method of sanding brushes. 
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Figure 9-14. — A. Canvas wiper; B. Using the 
c an vas wiper on a commutator. 


electron current flows through a Circuit, how 
to use and care for meters, the characteristics 
of d-c anda-c, andhowvariouselectricalmotors 
and other electrical devices operate. 

Since the study of electricity andelectronics 
both are concerned with the use of the concept 
of electron flow, youmaywonderwhere electric¬ 
ity ends and electronics begins. For your pur- 
pose you should make the distinction that 
electronics is the Science which is concerned 
with the flow of electrons through vacuum tubes. 
Thus, electronics is the study of any equipment 
that contains tubes. 

Advanced underseas weapons have electronic 
devices which enable the torpedo to detect the 
enemy ship and aim itself at that ship while 
correcting for any evasive tactics that the ship 
may use. Because of security reasons we are 
not able to discuss these devices here. But 
the se torpedoes depend on members of your 
rating for proper maintenance and operation. 
So you as a Torpedoman’s Mate must know how 
to locate the trouble and replace the defective 
parts in the electronic equipment of your tor¬ 
pedoes. You will be able to do this better after 
you become familiar with electronic circuits 
and parts used in these circuits. 


BASIC ELECTRONIC CIRCUITS 
IN TORPEDOES 

In some torpedoes there are many electronic 
circuits, some of which are merely variations 
other circuits. We shall discuss mostly the 
control circuits—amplifier, oscillator, voltage 
regulator—ali of which play a part in plotting 
and determining the course of the torpedo. 
There are other circuits such as the filter and 
rectifier, but they will not be given complete 
coverage here. For a complete rundown on all 
circuits read Basic Electronics, NavPers 10087, 
and refer to Basic Electronics (curriculum 
series), NavPers 91882-91887. 

Amplifier Circuits 

Of the basic types of control circuits, 
possibly the one most widely used is the ampli¬ 
fier. The purpose of the amplifier (fig. 9-15) 
is to take a small signal voltage—one that is 
so small that itcannotbeusedasis—and amplify • 
it many times so that it can be used. 

Torpedo receivers pick up weak signals. 
These weak signals are amplified many times be- 
fore they can be used to show the location of 
the enemy ship or submarine. Once the torpedo 
detects the target, the control mechanisms re- 
arrange themselves to the extent that the tor¬ 
pedo is able to find and attack the target. And 
at the proper time the torpedo warhead is able 
to explode and destroy the target. 


OSCILLATOR CIRCUITS.-Oscillator cir¬ 
cuits are used in torpedoes to generate a-c 
voltage at desired frequencies. Oscillator cir¬ 
cuits, or simply oscillators, are vacuum tube 
amplifiers with feedback circuits either internal 



Figure 9-15. —Amplifier 
Circuit. 
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or externa! to the tube. They often have tuned 
circuits which do the oscillating and control the 
frequency of the waves generated. The vacuum 
tubes merely supply feedback to keep the tuned 
circuits oscillating. Oscillators are used ex- 
tensively for testing other circuits. Figure9-16 
shows you an oscillator Circuit. 

Voltage Regulator Circuits 

When current is drawn out of the high- 
voltage d-c terminal of a power supply, the 
voltae drops. This is due to the internal 
resistance of the power supply. This voltage 
drop is not serious for some types of circuits 
in your torpedoes, and they will continue to 
function properly. However, there are some 
types of electronic circuits that are sensitive 
to voltage changes. These circuits require that 
the power supply have a voltage regulator Cir¬ 
cuit added to it. When apower supply has a volt¬ 
age regulator Circuit, only those circuits which 
require a constant voltage are connected to the 
voltage regulator. The others are connected 
directly to the unregulated voltage. 

The main part of ali voltage regulator cir¬ 
cuits that you will work with in torpedo equip- 
ment is the voltage regulator tube, commonly 
known as the "VR” tube. These tubes are made 
so that they will hold the d-c voltage at 59, 75, 
90, 108, and 153 volts d-c. Andby using various 
combinations of these tubes, you can get a con¬ 
stant voltage of almost any valueyouwant. 

Rectifier Circuits 

Rectifier circuits are used quite extensively 
in acoustic torpedoes and they have wide use in 
torpedo shop equipment. They are used in power 
supplies which take a-c from the power line and 



Figure 9-16.—Oscillator 
Circuit. 


transform it to a d-c which is requiredto oper¬ 
ate the electron tube. When the, positive half 
cycle is allowed to pass through the rectifier 
and the negative half cycles are changed to 
positive half cycles, the process is called “full- 
wave rectification.” 

Filter Circuits 

Filter circuits remove the ripple from the 
pulsations in the rectifier output. (See figure 
9-17.) You will learn how these filter circuits 
work to smooth out the pulsations in the rectifier 
output when you work with the rectifier circuits. 

PARTS USED IN ELECTRONIC CIRCUITS 

Now that you know the basic electronic 
circuits used in torpedoes, your next concern 
should be about the parts used in these circuits. 
The parts that we shall discuss briefly are 
vacuum tubes, transformers, rectifiers, capaci- 
tors, coils, and switches. These are the parts 
that you will work with in your torpedo circuits. 
After you become familiar with these parts and 
the circuits themselves, you should understand 
electronics sufficiently for the present. 

Vacuum Tubes 

The vacuum tube is one of the basic com- 
ponents in almost every piece of electronic 
equipment in the torpedo shop. It is also one 
of the basic components in the circuits in tor¬ 
pedoes. Vacuum tubes come in many shapes and 
sizes. They are made of highly evacuated glass 
or metal shells which enclose several elements. 
These elements consist of acathode, apiate, and 
sometimes one or more grids. Figure 9-18 
is a cutaway view of a 2-element tube. 

Vacuum tubes are used mainly for two jobs. 
The first job is to change a-c voltage into a 
pulsating d-c voltage. This is called “rectifi- 
cation.” This job the vacuum tube will do in 
much of your torpedo shop equipment. The 
second job is to change a small a-c voltage into 
a large a-c voltage. This is called "amplifica- 
tion.” This job of amplification is the main job 
of the vacuum tubes in torpedo circuits. 

There are four main types of vacuum tubes. 
Their names describe them by telling how many 
parts (cathode, grid, piate) there are in the tube. 
A diode (di = two) has two parts—a cathode and 
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Figure 9-17,—Filter Circuit. 


a piate. A triode (tri = three) has three parts— 
a cathode, a piate, and a grid. A tetrode 
(tetra = four) has four parts—a cathode, apiate, 
and two grids. A pentode (penta = five) have five 
parts—a cathode, a piate and three grids. The 
diode is used to change a-c voltage into pulsating 
d-c voltage; the other tubes are used mostly to 
change a large a-c into a large d-c voltage. 

Vacuum tubes are constructed with aplug-in 
base which fits into a socket. The socket is 
permanently wired into the Circuit, and the tube 
is removable and easily replaced. Vacuum 
tubes have a relatively short life as compared 
to other components used in torpedo electronic 
equipment and a method o£ easy replacement is 
necessary. Most of the tubes used in your tor¬ 
pedo circuits or torpedo equipment will re¬ 
quire one of the eight sockets shown in figure 
9-19. 

Rectifiers 

Motor-generator units and other mechanical 
de vices have been made for changing a-c into 
d-c, but for small amounts of power, none has 
the efficiency and convenience of rectifiers. 
Since current can flow in only one direction 
through a diode tube its basic use is as a rec- 
tifier. A simplified arrangement of a diode 
rectifying Circuit is illustrated in figure 9-20. 
A 115-volt a-c line voltage is applied to the 


Circuit containing the diode and load resistor. 
The input voltage is positive with respect to 
ground during one half cycle and negative during 
the other. When the positive alternation is 
applied the diode conducts and a voltage is 
developed across the load resistor. When the 
negative half cycle is applied the diode does not 
conduct and no voltage appears across the re¬ 
sistor. You are actually losing all the negative 
half cycles, but you are succeeding in causing 
the current to flow in only one direction through 
the load. This is the duty of the rectifier, to 
permit current to flow in one direction only, so 
as to convert alternating current to direct 
current. 

Transformers 

A transformer is a device that has no moving 
parts and that transfers energy from one Circuit 
to another by electromagnetic induction. The 
energy is always transferred without a change 
in frequency, but usually with changes in voltage 
and current. A step-up transformer receives 
electrical energy at one voltage and delivers it 
at a higher voltage. Conversely, a step-down 
transformer receives energy at one voltage and 
delivers it at a lower voltage. The amount of 
step-up or step-down is directly proportional 
to the turns ratio between primary and sec- 
ondary windings. In some of your torpedo test 
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equipment you may find a transformer that has 
two secondary windings, to give both step-up 
and step-down at the same time. You can get 
complete information on transformers in Basic 
Electronics , NavPers 10087. 

A synchro is a special type of transformer. 
It is necessary insometorpedoestotransmitthe 
angular position of a shaft from one location to 
another without a mechanical linkage. A servo- 
mechanism, a widelyuseddevice,usessmalla-c 
machines that operate as single-phase trans¬ 
formers. These machines are called synchros. 


And the synchro inputs that are common to most 
torpedoes are gyro angle order, depth order, 
enabling order, etc. Each of the synchro inputs 
must rotate a shaft in the torpedo. For complete 
details on the description and operation of syn¬ 
chros, read United States Navy Synchros , OP 
1303. 

Capacitors 

Capacitors, sometimes referred to as con- 
densers, are some of the simplest electronic 
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Figure 9-18. — Cutaway of 2-element tubes. 
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Figure 9-19. —Vacuum tube sockets. 


devices. Basically a capacitor is made up of 
two metal plates separated by an insulating 
material known as the DIELECTRIC. A capac¬ 
itor Stores free electrons when a voltage is 
impressed between the plates. It is the only 
known device that can store energy as electricity. 

The four basic types of capacitors are the 
variable, paper, electrolytic, and mica. Although 
ali types have wide use in torpedoes and torpedo 
electronic equipment, possibly the most widely 
used type is the mica. Mica capacitors use 
mica as the dielectric, and they range in size 
from about 10 to 50,000 micromicrofarads. 
And like fixed resistors, mica capacitors are 
often color coded to indicate their value of 
capacitance and their voltage breakdown rating. 
The same color code is used as is used for re¬ 
sistors. (See color-code for resistors. Basic 
Electricity, NavPers 10086-A will teli you how 
to read the color code for capacitors.) 

Briefly, a capacitor’s basic actions are: 
(1) charging, during which electrons are made to 
flow from one piate to another by an external 
source; (2) storage of. energy in the form of an 
electrostatic field which exists between the 
plates; and (3) release of energy by discharge 
of electrons from one piate to another. The 
capacitor blocks the flow of d-c; but when a-c 
potentials are applied, the three actions are 
rapidly repeated, giving the effect of an alter- 
nating current first in one direction and then in 
the other. 


Coils 

The construction of a coii includes such 
f actor s as the number of turns per inch of the 
coil’s length, the diameter of the coii, the 
number of layers of windings, and the kind of 
core material. These factors de termine the 
INDUCTANCE of the coii. The unit of induc- 
tance is the HENRY, and the Symbol we use to 
designate inductance is the letter L. 

Actually the calculation of a coiTs induc¬ 
tance is a complex process. But for the coils 
you’11 have to work with in torpedoes and tor¬ 
pedo equipment, here is all you need to know: 
The greater the number of turns, the higher 
the inductance. And a coii with an iron core has 
a greater inductance than a similar coii with an 
air core. Inductance is a physical property of 


DI0DE 



Figure 9-20.—The diode used as a rectifier. 
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a coii, and it does not change appreciably with 
an increase or decrease in frequency. 

Switches 

There are many kinds of switches in use in 
torpedoes and torpedo shop equipment. The type 
of switch depends on the Circuit youinstall it in. 
But no matter what type of switch or what kind 
of Circuit you install it in, switches have just 
one basic job. They make break, or change 
connections in an electric Circuit. Figure 9-21 
shows some typical switches. 

We cannot discuss every switch that youwill 
find in your torpedo circuits or the circuits that 
you will find in torpedo repair shop equipment. 
In fact, we don’t feel that such a discussion is 
necessary. We will discuss only a few of those 
most commonly used, and hope that when you 
understand the se you will have a fair knowledge 
of switches and switch operation. 

A widely used switch in torpedoes and tor¬ 
pedo equipment is the ROTARY SWITCH. A 
rotary selector switch may perform functions of 
many switches. As the knobof a rotary selector 
switch is rotated, it opens one Circuit and closes 
another. Some rotary switches have several 
layers of wafers. By adding wafers the switch 
can be made to operate as a large number of 
switches. Ignition switches and voltmeter 
selector switches are typical of this type. 

THERMOSTATIC switches are widely used 
in the Navy. Thermostatic, or temperature- 
operated, switches are usually single-pole, 
single-throw, quick-acting, normally open 
switches. These switches contain abellows that 
works against an adjustable spring. The spring 
causes the contacts to close automatically when 
the operating temperature exceeds a predeter- 
mined value. The bellows motion is produced 
by a sealed-in liquid that expands with rising 
temperature. The sensitive element containing 
this liquid may be built into the switch or lo- 
cated in a remote space and connected to the 
switch by a capillary tube. 

RELAYS are magnetically operated switches. 
The operating coii can be connected in series 
with a supply line to the load, or shunted across 
the line. The coii is wound in accordance with 
the way the relay is used. When the relay is 
designed for series connection, the coii is 
usually wound with a small number of turns of 
large wire because the load current will be 


flowing through the winding. When the relay is 
designed for shunt connection, the coii is wound 
with a large number of turns of small wire, 
which will increase the resistance and thus 
lower the current through the coii. Figure 9-22 
shows the two basic types of relay that you will 
be concerned with. 

The contacts of a relay may be designed to 
do any one of several things when the relay coii— 
is energized. For example, they may open one 
Circuit and close another, or they may open and 
close several circuits. This means that relays 
can be used as protective devices, as control 
devices or to perform both functions simul- 
taneously. Because of this flexibility, relays 
have found wide use in torpedoes and torpedo 
equipment. 

TEST INSTRUMENTS 

Test equipment is designed to measure the 
values of many unknown quantities in electric 
and electronic circuits. These measurements 
are used to determine the operating conditions 
of electric and electronic equipment. We have 
already discussed a number of instrumentsused 
to make such measurements. We shall conclude 
this chapter with discussions of four other test 
instruments—vacuum-tube voltmeter, oscillo- 
scopes, signal generators, and stroboscopes. 

Vacuum-Tube Voltmeter 

You already know that voltmeters are always 
connected in parallel across the points where 
difference in potential is required to be meas- 
ured. And since it is essential not to disturb 
this potential difference, they must have a high 
resistance so that they may pass only a small 
current. Now you come to the vacuum-tube volt¬ 
meter. (See figure 9-23.) A vacuum-tube 
voltmeter is one that uses a vacuum-tube Cir¬ 
cuit to measure voltages, and it does this without 
greatly affecting the Circuit it is attached to. 
When you apply voltage to the input, current 
flows through the meter. This current is pro- 
portional to the applied voltage, and you can 
read its value directly on the calibrated scales 
(one for each range) of the meter. Various 
modifications permit this instrument to measure 
other quantities also. 
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Figure 9-22. —Basic types of relay contacts. 


Most vacuum-tube voltmeters, like the one 
in figure 9-23, have ohmmeter scales. A 
vacuum-tube voltmeter cannot measure current 
directly, but you can use it to set up a current- 
measuring Circuit. Simply connect a known re- 
sistance, which is small compared to the other 
resistance in the Circuit, in series with the 
Circuit to be tested. Then use the vacuum-tube 
voltmeter to measure the voltage developed 
across the known resistor. Ohm's law does the 
rest for you. 

Oscilloscopes 

The oscilloscope (figure 9-24) is generally 
used to permit the torpedoman to observe 
voltage waveforms in testing electronic cir- 
cuits. The cathode-ray oscilloscope uses a 
cathode-ray tube. This is a special type of 
vacuum tube in which electrons emitted from 
the cathode are directed into a narrowbeam and 
accelerated to a high velocity before striking 
the phosphor-coated viewing screen. The screen 
fluoresces or glows at the point where the 
electron beam strikes it, and thus enables you 
to see the waveforms on the screen. The 
cathode-ray oscilloscope is used chiefly for 
checking the waveform of the signal voltage in 
electronic circuits. The oscilloscope is one 
of the most important units of test equipment 


in maintenance and servicing torpedoes. It is 
used to show Circuit wave-forms which, bycom- 
parison, show the operating level of a portion of 
a Circuit, a complete Circuit, or an equipment 
in the Circuit. You can use it also to observe 
complex waveforms and to measure percentage 
of modulation. 

To obtain an accurate presentation of the 
voltage waveform, a few precautions must be 
observed. The approximate magnitude of the 
voltage in the Circuit under test must be known 
so that the operator can take steps to safeguard 
himself from shock and the oscilloscope from a 
voltage breakdown. Dependable data can be 
obtained from the oscilloscope only if its sensi- 
tivity and its frequency characteristics are 
known. 

The input to most oscilloscopes is between 
an input terminal and ground. The input ter- 
minal is coupled to the amplifier grid through a 
capacitor whose voltage rating seldom exceeds 
450 volts. 

In some cases it may be necessary to ob¬ 
serve waveforms in torpedo circuits where the 
voltage is much greater than that which the com- 
ponents within the oscilloscope can withstand. 
In such a case a voltage divider may be used to 
reduce the voltage toavaluethatwillnot damage 
the equipment. 
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Flgure 9-23. —Vacuum tube voltmeter. 


To avoid pick-up of stray signals the leads 
from the Circuit under test should be as short 
as possible, and they should be shielded from 
stray fields. And the oscilloscope must be 
adequately grounded—a precaution that must be 
taken for the protection of the operator, because 
a failure of some part of the voltage divider can 
raise the potential of the whole oscilloscope to 


a dangerous level if the case is not solidly con- 
nected to ground. 

In general, test oscilloscopes are used to 
align and test electronic equipment, to make 
hum measurements, to make frequency com- 
parisons (to determine an unknown frequency), 
to observe complex waveforms, and to measure 
percentage of modulation. 
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Figure 9-24. 

Signal Generators 

In the maintenance of torpedo equipment it 
is often necessary to use audio- frequency signal 
generators. These signal generators, some- 
times called audio oscillators, are used for 
testing and aligning receivers and amplifiers, 
and for troubleshooting various electronic 
devices. 

The principal function of the signal genera¬ 
tor is to produce an alternatingvoltage of the de- 
sired frequency and amplitude which has the 
necessary modulation for the test or measure- 
ment in question. It is important that the ampli¬ 
tude of the generated signal be correct, and in 
many generators, output meters are included in 
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Oscilloscope. 

the equipment so that the output maybe adjusted 
and maintained at a Standard level over a wide 
range of frequencies. Figure 9-25 shows you 
what a typical audio oscillator looks like. 

When using the signal generator, couple the 
output test signal into the Circuit being tested 
and trace its progress through the equipment 
by using high-impedance devices such as 
vacuum-tube voltmeters or oscilloscopes. In 
many signal generators attenuators are used to 
provide correct impedance values for matching 
the input impedance of the Circuit under test to 
the output impedance of the signal generator. 

Signal generators are divided into two main 
groups—audio generators and radio frequency 
generators. Audio-frequency generators are 
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used in plotting response curves of audio ampli- 
fiers, transformers, and other audio circuits. 
They are used also in plotting curves on filter 
circuits, for supplying audio modulation to r-f 
signal generators, and for numerous other 
applications. The radio-frequency generator is 
used for the production of r-f voltagesby means 
of a well-shielded oscillator. It has afrequency- 
calibrated dial, a provision for adjusting the 
aniplitude of the output voltage, and a means 
for modulating the r-f signal if desired. 

In almost all signal generators, electron 
tube oscillators are used to produce the initial 
signal. A preliminary warmup should always be 
given the generator when accurate and stable 
signals are desired. The oscillator circuits 
should be allowed to reach a condition of stable 
operation before using the output. This condi¬ 
tion is reached when the tubes and Circuit 
elements reach the temperature the instrument 
has been calibrated for. 


Stroboscopes 

A stroboscope is an instrument used to 
measure revolutions per minute. You will use 
it for measuring rpn^s of shafts and gears. Do 
this by fixing the flashing light on a particular 
part on the shaft or gear and by gradually in- 
creasing the rate of the flashing light until the 
part appears to be standing stili. When this 
happens you will know that the light is flashing 
once in each revolution of the part. Since the 
stroboscope has a calibrated scale, you can 
read the scale to determine the speed of rota- 
tion in rpn^s. 
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QUIZ 


1. What is an electric current? 

2. Expia in the difference between conductors 
and insulators of electricity. 

3. What is the generally accepted theoryofthe 
direction of electron flow? 

4. Give two other names for electrical pres¬ 
sure. 

5. Write the three ways for expressing the 
formula for Ohm’s law. 

6. Differentiate between a series and aparallel 
Circuit. 

7. On an axial resistor the first color band is 
orange, the second violet, the third orange, 
and the fourth gold. What is its resist- 
ance and tolerance? 

8. For what purpose is the voltmeter used? 

9. What is the purpose of the ammeter andhow 
is it connected in the Circuit? 

10. What are the two most commonly used types 
of batteries in present use in torpedoes? 


11. How can you teli when a lead-acid battery 
is fully charged? 

12. Give some advantages of the silvercel 
battery over other battery types. 

13. What are some of the characteristics of 
compound wound motor s? 

14. Give the most common use of amplifier 
circuits. 

15. What is the job of the oscillator circuit? 

16. Explain the main job of the VR tube. 

17. Explain the job of the filter Circuit. 

18. Define “rectification,” “amplification.” 

19. According to tube elements, name the four 
basic types of vacuum tubes. 

20. What is the difference between a step-up 
and step-down transformer? 

21. Give some of the general uses of oscil- 
loscopes in the torpedo shop. 

22. Give another name for the audio signal 
generator. What is it used for? 
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CHAPTER 10 

TORPEDO DISASSEMBLY AND OVERHAUL 


GENERAL 

You already know that a torpedo is a compli- 
cated piece of precision machinery. And you know 
that the demands on it are great. Whenyou launch 
a torpedo, its many mechanisms must instantly 
take full control of theweapon. The torpedo must 
run at the proper speed and depth, on a course 
that will put it in a position to do its job. 

When everything goes right and the torpedo 
scores a hit, you can be sure that the Torpedo- 
man’s Mates concerned have done their work 
thoroughly and skillfully. But, what if things 
don’t go right? Suppose the torpedo misses its 
target because it runs at the wrong speed, or 
wanders off course. Suppo se it sinks. Or, 
suppose it strikes the target with a dull thud, 
instead of a lethal explosion. There is hardly 
a chance that the faultwasinthe design of a part 
of the torpedo, or that the fault was in some- 
thingelse beyond your control. It is much more 
likely that a Torpedoman's Mate became 
careless somewhere. 

After you prepare a torpedo for firing and 
load it on the launching racks or in the torpedo 
tubes, it may sometimes stay the re for a long 
time before you fire it. But it must be kept ready 
for firing on an instant’ s notice. No torpedo can 
reach its demands unless you keep it in perfect 
condit ion. And its condition will depend on how 
carefully and skillfully you do your job. 

Keeping a torpedo in condition consists 
basically of four parts: 

1. Adjustments 

2 . Upkeep routine 

3. After-run treatment 

4. Overhaul 

A torpedo is usually in one of four conditions 
of readiness. It may be (1) in a ready condition; 
(2) in a modified fully ready condition; (3) in a 
fully ready condition; or (4) due for overhaul. 

The condition that torpedoes are in when 
issued is determined by the type of ship and the 
Mk and Mod of torpedo. Usually submarines are 
issued both air-steam torpedoes and advahced 


underseas weapons in a modified fully ready 
condition. (Only installation of exploder mech- 
anism and minor settings and connections are 
necessary to put the torpedo in fully ready 
condition.) Aircraft carriers have torpedo shops 
that are fully equipped to overhaul their tor¬ 
pedoes and put them in fully ready condition. 
Other surface ships such as the destroyer type 
are issued air-steam torpedoes in a ready 
condition. (Preliminary adjustments, final 
adjustments, and tests are necessary to put 
the torpedo in a fully ready condition.) Advanced 
underseas weapons are usually issued to surface 
combat ships other than aircraft carriers in a 
modified fully ready condition. 

To keep a torpedo in top condition, you’ll 
go through a series of iq>keep routines. There’s 
a short routine to go through with each torpedo 
aboard, every day. There are more complete 
routines to go through weekly, or at longer 
intervals. Remember, these routines are not 
just suggested—they are REQUIRED. 

During an exercise run, a torpedo gets a 
tough workout. In air-steam torpedoes, some 
of the parts get very hot, and some of the 
mechanisms—including everything in the tail 
and midsections—get covered by sea water. 
Sea water, unless you do something about it 
quickly, can cause extensive rust and corrosion. 

The after-run treatment is first aid for an 
exercise torpedo. If the torpedo is going to be 
fired for another exercise shot, your after-run 
treatment will help put it back into condition 
for the second run. If it won’t be fired again, 
the after- run treatment will keep it f rom deterio- 
rating any further before it can be overhauled. 

After one or more exercise shots, or when 
upkeep routines show the need for major repairs, 
the torpedo should be overhauled as soon as 
possible. The number of exercise runs and time 
for overhaul varies with the individual torpedoes. 
BuWeps Instructions will give you this infor- 
mation. 
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On most torpedoes, you canperformthe nec- 
essary adjustments, upkeep routines, and after- 
run treatment aboard the combat ship. Butfor an 
overhaul, it must go back to a shore base or 
tender. A complete overhaul takesalotof space, 
and a lot of special test equipment. Combat ships 
just aren’t equipped for torpedo overhaul. 

SOURCES OF INFORMATION 

You have already been told that the Ordnance 
Pamphlets prescribe the various maintenance 
and overhaul procedures for torpedoes. They 
give you a complete step-by-step procedure for 
each overhaul operation. For most operations 
they teli you which tool to use for each step. 
On some ships you will work directly from the 
instructions in the OPs. On others you’11 be 
given special checkoff lists to work from. These 
checkoff lists are based on the OP instructions, 
and include the latest information from NavOrd 
Circular Letters (OCLs), BuWeps Instructions 
and Notices, Ordnance Technical Information 
(OTI), and Ordnance Alterations (NavOrdOrd- 
Alt’s). The OPs include pictures showing many 
of the overhaul steps. For instance the OPs for 
advanced underseas weapons not only teli you 
what electronic instrumenta to use, but they 
Show you pictures of how to hook the Instru¬ 
ments into the circuits of the torpedoes. They 
also show you how to read the meters and 
scopes, telling you what to look for and what 
to expect under certain conditions. These 
pictures are most helpful to a beginner who 
is doing the job for the first time and has not 
yet gotten the feel of things in the torpedo shop. 

Each air-steam torpedo has its ownpeculiar 
overhaul procedure. And each torpedo has an 
overhaul list which you MUST follow. This 
advice applies even after you have had 30 years 
of experience in the torpedo shop. As you 
gain skill you’ll take more and more pride in 
your work—especially if youbecomeaspecialist 
in charge of one phase of torpedo overhaul. 
And that is the way it should be. Your pride 
in your skill and the quality of your workman- 
ship is a good thing for you and the Navy. But 
working from memory is no way to Show it. 
In a complete overhaul there are many steps. 
Skipping any one of them may turn the torpedo 
into a total snafu. 

OVERHAUL 

Overhaul for air-steam torpedoes is specifi- 
cally called out by the applicable OPs. Over- 


hauls for advanced underseas weapons usually 
consists of a System check, deck run, and 
visual checks of torpedo components such as 
motors, brushes, bearings, switches, etc. (A 
Systems check consists ofthosetcstsprescribed 
in the applicable OPs.) Disassembly should be 
kept to a minimum. 

READY TORPEDOES 

Ready torpedoes stored under favorable 
conditions aboard aircraft carriers, destroyers, 
submarines, tenders, and bases are overhauled 
as follows: 

Air-steam type—every three years 

Advanced underseas weapons type—every 
five years 

Ready torpedoes of all types, that are 
exposed to conditions causing deterioration, 
should be kept as clean as possible. If not, 
they may need overhauling before the end of 
the normal period. Your inspections will show 
when it is necessary. 

Although the overhaul procedure varies with 
the torpedo, there are some jobs you do when 
you overhaul all torpedoes. For instance, you 
will 

1. disassemble the torpedo and clean all 
its parts. 

2. inspect all parts for defects. 

3. repair or replace all defective parts. 

4. reassemble the parts, with the proper 
clearance and the proper lubrication. 

5. test the operation of the individual mech- 
anisms. 

6. test the operation of the torpedo as a 
whole. 

7. treat the parts to protect them from 
rust and corrosion. 

Since detailed instructions for overhaul will 
be available to you, we will not reprint them here. 
But, to give you some idea of what’s involved in 
an overhaul, we are goingto list the most impor¬ 
tant steps in overhauling the exercise head and 
the air flask section of a MK 15 torpedo. These 
sections have relatively few parts and overhaul 
is comparatively simple. For security reasons 
we cannot discuss the overhaul of advanced 
underseas weapons. But you will be given com¬ 
plete step-by-step instructions before you start 
working on an advanced underseas weapon just 
as you will be for the Mk 15 or any other weapon. 
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THE EXERCISE HEAD 

1. Close the blow valve. Remove thedrain 
plug and drain the exercise head. Place a sling 
around the exercise head and take the weight of 
the exercise head with the chain fall, and remove 
the joint screws. 

2. Remove the air-releasing mechanism, 
the bulkhead, the air-releasing mechanism pipe, 
and the torch case. 

3. Remove discharge valve. Disassemble 
it by removing the holding nuts and spring piate, 
and taking out the valve and spring. Inspect the 
leather washer. H it is hard, cracked, or dirty, 
remove the valve nut and replace the washer with 
a new one. 

4. Inspect the studs for the bulkhead and 
flanges. Replace them or resolder them if 
necessary. If you have to remove a stud, heat 
it until you can unscrew it with a screwdriver. 
Tin the stud and screw it in place while it’s 
hot. Wipe off the excess solder with a rag, 
and Chase the threads with a 1/4-20 finger die. 

5. Inspect the ballast. H you have to 
remove it to clean iqj corrosion, ortostraighten 
dents in the shell, be sure to put it back 
in exactly the same place. After you’ve cleaned 
and tinned the shell, replace the ballast and 
solder it in. 

6. Clean and dry the inside of the exercise 
head. Treat ali the exposed surfaces with a 
coating of preservative. 

7. Inspect the air-releasing mechanism 
pipe. If necessary, anneal it and bend it to 
shape, and reseat the nipples and seats. Check 
the pipe for restrictions, and make sure there’s 
no foreign material inside it. 

8. Test the torch case. You do this by 
clamping the case in a hydraulic test fixture, 
filling the fixture with water, and applying a 
pressure of 135 psi. The pressure should hold 
for 5 minutes without leakage. H there’s any 
leakage, repair the case or replace it with a 
new one. 

9. Lubricate and reassemble the discharge 
valve, and replace it in the exercise head. Place 
a gag across the discharge valve studs, and 
secure it with nuts. Tighten the nuts until 
the gag holds the valve firmly on its seat. 

10. Install the air-releasingpipe andconnect 
it to the nipple in the bulkhead pocket. 

11. Clean the bulkhead seats thoroughly, 
to remove all dirt, oil, and grease. Select 


a new bulkhead gasket; clean it, and inspect 
it carefully. Fit the gasket on the bulkhead 
seat, over the studs. Replace the bulkhead, and 
secure it with nuts. Be sure to turn them up 
evenly. 

12. Connect the nipple on the bulkhead 
to a source of high-pressure air. Blow air 
through the air-releasing pipe at 600 psi, and 
note the flow of air through the pipe. If you 
suspect that the re are restrictions in the pipe, 
remove them before you go on to the next step. 
Turn off the air and blank off the forward end 
of the air-releasing pipe. 

13. Fili the head with water, and gradually 
build up a pressure of 2,800 psi in the air- 
releasing pipe. If any bubbles appear, the pipe 
is leaking. Find the leaks and remedy them. 
Turn off the air, bleed the line, and remove 
the test pipe. Drain the head, and leave the 
drain plug out. 

14. Install the torch case and cover, with 
a good gasket, and secure with nuts. Tighten 
them evenly. 

15. Close the other flanges with blanking- 
off plates, using good gaskets. Tighten the nuts 
evenly. 

16. Now install Test Set SG 2855 in the 
drain plug flange (fig. 10-1). Connect the test 
panel to the test set, and build up a pressure 
of 10 psi in the head, as called for in the 
BuWeps Instructions. Close the valve andapply 
soapy water around all the flanges and joints. 
H there are any leaks, bubbles will appear. 
Find the leaks and remove the cause. The pres¬ 
sure on the gage should remain constant for 10 
minutes. 

17. If there are no leaks, bleed the head 
and remove the test set. Replace the drain plug 
and washer. Remove the covers, blanking plates, 
and gaskets. Remove the blank from the air- 
releasing pipe. Take the gag off the discharge 
valve, and remove the valve. 

18. Disassemble and inspect the air- 
releasing mechanism. If necessary, reseat the 
valve seat, and lap the valve to the seat. If you 
install a new valve, lap it in. If necessary, 
replace the valve guide with a new one. Clean 
all the parts. Check the size of the restriction 
in the valve guide, and the size of the hole in the 
restriction nipple. Lubricate and reassemble 
the mechanism. Test the mechanism by 
connecting it to a source of high-pressure air— 
at least 1,000 psi. Turn on the air and submerge 
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Figure 10-1. —Leakage test of the exercise 
head. 


the mechanism in water. If any bubbles appear, 
find the leaks and correct them. 

19. Unscrew the headlight casing. If the 
batteries are of the wet-cell type, take them 
out and recharge them. Remove the bulb, and 
replace it with a new one if it has been used 
for 15 runs. If necessary, disassemble the 
headlight, clean the parts, and repair or replace 
any broken ones. Reassemble the headlight 
and focus the reflector. 

20. Install the torch case. Install the 
headlight (or a blanking piate in place of it). 
Blank off the other openings. 

The exercise head is now ready for its 
final test. 

THE AIR FLASK SECTION 

1. Release all air pressure from the flask, 
following current BuWeps instructions. Dis- 
connect all the pipes that go from the midship 
section fittings to the turbine bulkhead. 

2. Remove the upper operating shaft of the 
speed change gear. 

3. Screw lifting screws in the afterbody 
handhole covers. Put a sling around the after¬ 
body and take the weight of the afterbody with 
the chain fall. 

4. Take out the joint screws and remove 
the afterbody from the air flask section. 

NOTE: You can’t pull the afterbody straight 
aft, because the pipe from the combustion flask 
to the nozzle lies behind the holding screw 


bosses of the joint ring. Swing the afterbody 
to starboard until the pipe is ciear; then pull 
the afterbody aft. Place the afterbody on a 
stand. 

5. Charge the air flask to 1 000 psi. 
Squirt light lubricating oil around the forward 
bulkhead joint, and look for bubbles. Bubbles 
indicate a leak. 

6. Using lubricating oil, test for leakage 
at the blow valve, the air vent plug and bushing. 
and the air outlet nipple in the forward bulkhead. 

7. Blank off the main air nipple. Apply 
oil around the stop valve. Open and close the 
valve, and look for bubbles. Check for leakage 
at the charging valve. 

8. Blow down the flask until it's empty. 

9. Remove the pipes that go from the air 
check valve assembly to the water compartment 
bulkhead, and to the vent fitting. Remove the 
check valve assembly. 

10. Disconnect the main air pipe at the 
water compartment bulkhead. Remove the stop 
and charging valve assembly from the midship 
section shell. 

11. Remove the upper operating shaft 
bearing. 

12. From the fuel and water check valve 
and strainer assembly, remove the pipes that 
go to the water compartment bulkhead and to 
the vent fitting. Remove the check valve 
assembly from the shell of the midship section. 

13. Remove the vent fittings. 

14. Remove the water and fuel filling plugs. 
Unscrew the clamp nut for the main air con- 
nection through the water compartment bulkhead. 
Back the lock nuts off the clamping nipples, 
and remove the nipples. Then remove the 
water compartment bulkhead assembly. (If 
the joint is tight, you can loosen it by tapping 
lightly with a lead hammer.) 

15. Remove the pipes that go to the blow 
valve from the exercise head, and from the air 
outlet nipple in the forward bulkhead. Remove 
the small forward bulkhead. 

16. Remove the main air connection from 
the after bulkhead. Remove the air vent bushing 
and plug. 

17. With a stick and a rag, swab out the 
inside of the flask with hot water. Blow it 
dry with low-pressure air. (Do not apply any 
preservative to the inside of a welded air flask.) 
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18. Overhaul and replace the air ventbushing 
and plug. Replace the main air connection 
on the after bulkhead. 

19. Remove the set screw from the blow 
valve, and take out the retainer, washer, and 
valve. Inspect the valve body and parts. If 
necessary, remove burrs from the nipples and 
the blow valve seat. Blow out the channels with 
low-pressure air. Oil the valve. Place a new 
washer around the valve stem, and replace the 
valve in the body. Replace the retainer, tighten 
it, and secure it with the set screw. 

20. Replace the blow valve, the forward 
bulkhead, and the pipe that goes from the bulk¬ 
head to the valve. 

21. Remove the pipes from the nipples in 
the seat flange of the water compartment bulk¬ 
head. Remove the nipples from the flange. 
(Apply just enough heat to each nipple to soften 
the solder.) Clean the tapped holes in the 
flange. Tin the threads on the nipples. Screw 
the nipples into the holes, using just enough heat 
to keep the solder soft. Reseat the seats on the 
ends of the nipples, and chase the threads to 
remove burrs. Inspect the nipples to make sure 
the holes are clean. 

22. Inspect the pipes that connect to the 
nipples in the bulkhead seat flange. Dress 
burrs if necessary, and replace the pipes. 

23. Clean out the inside of the water com¬ 
partment, and supply a coat of the preservative 
mixture specified in the OP. 

24. Overhaul the water compartment bulk¬ 
head. If necessary, disconnect the pipes and 
remove the nipples, using just enough heat to 
soften the solder. Tin the threads, replace the 
nipples, reseat the seats, and chase the threads 
to remove burrs. 

25. To test the fuel flask for tightness, 
replace the fuel filling plug and blank off the 
air inlet pipe. From the Spray, Check Valve, 
and Fuel Flask Testing Outfit, connect a test 
pipe to the outlet connection of the fuel flask. 
Set the reducer of the testing outfit for 25 
psi, and charge the flask to that pressure. 
Submerge the flask in water, andlookforbubbles 
that indicate leaks. If there are no leaks, 
disconnect the test pipe, and remove the blank 
from the air connection. Dry the flask, and 
coat it lightly with oil. 

26. Replace the fuel flask on its brackets, 
and secure it with screws. Connect the pipes on 
the fuel flask to the water compartment bulkhead. 


27. Replace the water compartment bulkhead 
assembly on its seat. 

28. Your next job is to disassemble and 
overhaul the fuel and water delivery check 
valves and strainers. Remove the plugs and 
washers, the strainers, the valve guides, and 
the valves and springs. 

29. Clean and inspect all the parts. Perform 
the following operations only if you find them 
necessary: chase the threads on the nipples, 
and reseat the nipples; reface the check valve 
seats; chase the threads for the valve guides, 
and mill out the valve guide holes; ream the 
holes for the check valve stems; reface the 
outer valve seat of the guides; reface the 
inner and outer seats of the valves; lap the 
valve stems; lap the valve stems to the guides; 
lap the valves to their seats. 

30. Clean the parts thoroughly to remove 
all traces of lapping compound. Lubricate and 
reassemble the valve and strainer assembly. 

31. To test the outboard seats of the delivery 
check valves, set up the General Use Test 
Panel, with an extra length of test pipe. Connect 
the test pipe to the inlet nipple of the fuel and 
water delivery check valve body. Blank off 
the outlet and vent nipples. Remove the check 
valve plugs and washers. Open the air inlet 
valve on the test panel, and adjust the reducer 
to deliver 350 psi. Fili the check valve body 
with oil, and test for tightness. (Figure 10-2 
shows this test in progress.) 

32. If there are no leaks, remove the 
blanking nuts, replace the check valve plugs 
and washers, and remove the valve assembly 
from the test panel. 

33. To test the iriboard seats of the check 
valves, use the Spray, Check Valve, and Fuel 
Flask Testing Outfit. Drain the bottle of the 
test outfit, and blow it dry with low-pressure 
air. Open the valve cock to admit low-pressure 
air—not over 200 psi—to the reducing valve of 
the testing outfit. 

34. Gradually adjust the reducing valve 
pressure upward. When the pressure reaches 5 
psi, test the valve seats for tightness. 

35. Keep on raising the pressure slowly, 
and note the pressure when the check valves lift 
off their seats. (It should be between 15 and 
20 psi.) 

36. After the test, remove the check valves 
and strainers and wipe them dry. Oil the valves; 
replace the valves and strainers. 
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Figure 10-2. —Testing outboard seats of the 
delivery check valves. 


37. Replace the check valve and strainer 
assembly in the midship section. Replace the 
pipes that connect the assembly to the water 
compartment bulkhead and the vent fitting. 

38. Overhaul and replace the upper bearing 
for the speed change operating shaft. 

39. Disassemble and overhaul the stop and 
charging valve assembly. We won't go into 
details. If necessary, chase the threads, reface 
the valve seats, and lap the valves to their 
seats. Use the General Use Test Panel to test 
the stop valve plug seat and the stop valve spindle 
seat for leakage. 

40. After final assembly of the stop and 
charging valves, use the test panel to build up 
a pressure of 2,800 psi inside the valve body. 
Use oil to test the charging check valve for 
ieaks. Then close the stop valve and remove the 
blanking nut from the adapter on the outlet 
nipple. Hold a can of water under the adaptor as 
in figure 10-3. Bubbles will appear if there is 
any leakage past the stop valve. 

41. Secure the stop and charging valve 
assembly to the main air connection, and to the 
midship section shell. 



tightness. 


42. Overhaul and replace the air check 
valve assembly. 

43. Now you're ready to test the assembled 
air flask section. Remove the water and fuel 
filling plugs, and then replace the water filling 
plug. Blank off the main air connection from 
the stop and charging valve. 

44. Charge the flask to 800 psi. Use oil 
to test for leakage around the forwardbulkhead, 
the blow valve, and the vent plug and bushing, 
and the air outlet nipple in the forward bulkhead. 

45. Open and close the stop valve, and 
use oil to check for Ieaks. Check the charging 
check valve for leakage. 

46. Remove the blowout plug from the water 
compartment bulkhead. Disassemble the plug 
and inspect the copper sheer disc. If it's bent 
out of shape, replace it with a new one. Reas- 
semble the plug and replace it. 
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47. Install blanking nuts on the fuel and 
water delivery check valve outlet nipples. Make 
sure the stop valve is closed. Then install 
the Te st Set SG 5033 in the charging valve. 
Turn the valve stem handle of the test set to 
unseat the charging check valve. 

48. Crack the stop valve, and regulate the 
reducer of the test set to deliver 400 to 450 
psi to the water compartment. 

NOTE: Don't let any one stand in line 
with the blowout plug while you charge the air 
flask, or while you’re testing the water 
compartment. 

49. Close the stop valve, and back off 
the valve stem handle on the test set. Keep 
the water compartment under pressure for 
about 5 minutes. Use oil to test for leakage 
around the water compartment bulkhead seat, 
the water filling plug, the main air pipe joint, 
and all the other connections on the bulk¬ 
head (fig. 10-4). 

50. If there are no leaks, loosen the test 
pipe connection to bleed down the pressure in 
the water compartment. Disconnect the test 
set and remove the blanking nut. 

51. Remove the water filling plug; re- 
place the fuel filling plug and the water filling 
plug. 

The overall list we have just given you 
is only a short introduction to the work in a 
torpedo shop. It is not intended for use as 
a checklist. We have left out maiiy of the 
details, and we haven't listed the tools for 
you to u£e. Neither can we promise that over- 
haul procedures will not have changed by the 
time that you read this chapter. We can 
promise you, though, that the better acquainted 
you are with recent developments in torpedoes 
and torpedo overhaul the better are yourchances 
for advancement. So read all the recent OPs and 
BuWeps Instructions as they come out. And 
remember, trying to use this chapter as a 
checklist may resuit in a complete snafu. 



4.151 

Figure 10-4. —Testing the water compart¬ 
ment for leakage. 
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QUIZ 


1. Torpedo repair and maintenance consists of 
four different kinds of work. Name them. 

2. Which of these repair and maintenance 
jobs are done aboard fighting ships? Which 
must be done ashore 9 or aboard a tender? 

3. Name the four conditions of readiness that 
a torpedo may be in. 

4. What is the purpose of upkeep routines? 


5. The after-run treatment may serve eitherof 
two purposes. What are they? 

6. In overhauling a torpedo, why is it necessary 
to work from the OP or a checklist, even 
after long experience. 

7. We listed seven different things to be accom- 
plished during a torpedo overhaul. What 
are they? 
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CHAPTER 11 

TORPEDO ADJUSTMENT AND MAINTENANCE 


GENERAL 

In chapter 10 we told youabout torpedo over- 
haul, and gave you a working knowledge of what 
goes on in a torpedo overhaul shop. Now we 
will teli you about torpedo adjustments, upkeep 
routines, and after-run treatment. Again we 
will not list ali the details because the OPs give 
full Information about what and how the job is 
done. And once again, because of security 
reasons we will talk mostly about air-steam 
torpedoes. Complete information about the ad- 
vanced underseas weapons is given in the ap- 
propriate confidential OPs. Your Chief Tor- 
pedoman or your torpedo officer will instruet 
you on where and how to get the confidential 
OPs when they’re needed. 

CHARGING THE AIR FLASK 

This section on charging deals with ali air- 
steam torpedoes and the Mk 16. Duringthe pre- 
liminary adjustments, charge the air flask to a 
pressure of 1,000 psi. During the final adjust¬ 
ments, bring the pressure up to a full charge— 
2,800 psi. 

CHARGING SYSTEM 

The ship's air compressor supplies the air 
for charging the torpedo. The compressor, and 
the power piant that runs it, are operatedby the 
ship’s engineering personnel. There must be 
close cooperation between torpedo personnel and 
the engineering group, if the charging job is to 
be a success. 

Figure 11-1 shows a typical torpedo charging 
system. The apparatus at the lower left of the 
drawing is at the compressor. The rest of it 
is at the torpedo charging station. 

The compressor takes air at atmospheric 
pressure and raises it to high pressure. The 
compressed air may be stored in the accumu¬ 
latore for future use, or it may be sent directly 
to the point where it’s needed. Accumulators, 


sometimes called AIR BANKS, are found on 
many surface ships, and on all submarines that 
carry air-steam torpedoes or the Mk 16. 

In figure 11-1, notice the separator at the air 
compressor and at the charging station. The 
separators remove moisture from the air. You 
can blow the accumulated water out of a sep¬ 
arator by opening the drain at the bottom of it. 
And when you charge the torpedo, you can use 
either separator, or both of them. But be ab- 
solutely sure that at least one separator is in 
the line. 

As you can see in figure 11-1, the charging 
line passes through a stop valve and a bleeder 
valve, and enters the charging valve of the tor¬ 
pedo. To charge the air flask, remove the 
charging valve plug and screw the wing nut into 
the torpedo in place. While you’re charging the 
torpedo, the bottom of the wing nut will be ex- 
posed to compressed air at flask pressure. 
There’s always a chance that this pressure will 
strip the threads off the wing nut, and blow it 
violently out of the torpedo. Buttoprotectyour- 
self from that danger, always secure the charg¬ 
ing wing nut by its safety strap before you start 
to charge the flask. As shown in figure 11-1, the 
strap passes completely around the torpedo. 
Both ends of it hook onto the wing nut. 

CHARGING PROCEDURE 

If you follow the directions, charging the 
torpedo air flask is simple, easy, and safe. 
But skipping one of the safety precautions to 
save time is like using a powder keg for an ash 
tray. Air at 2,800 psi is very dangerous when 
not controlled and is really a ready-made 
explosion, bottled up by a thin layer of Steel or 
copper. So, inspect charging lines closely to 
check for breaks, weak spots, and deterioration. 

To charge the air flask, follow these steps: 

1. Contact the engineering personnel at the 
compressor and make the necessary arrange- 
ments for charging. Teli them when you expect 
to begin the charge, how many torpedoes you 
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Figure 11-1. — Charging system. 


will charge, what pressure you will want, and 
what bell signals you’11 use. 

2. Make sure the blow valve, the air flask 
drain, and the stop valve on the torpedo are ali 
closed. 

3. Seat the starting piston by turning the 
starting index spindle until it clicks. Line up 
the scribe marks. 

4. Put a safety wedge behind the starting 
lever, and put a propeller lock on the pro- 
pellers. Leave these two safety devices in 
place FROM NOW ON. Don’t take them off until 
your final preparations for firing. 

5. Remove the water and fuel compartment 
plugs from the torpedo. 

6. Take out the charging valve plug and 
washer. 

7. Attach the charging line to the charging 
wing nut. (Be careful throughout the charging 
job, to avoid Sharp bends or twists in the 
charging line. Copper lines should be fairly 
soft and pliable; if they aren’t, anneal them. 
U you use a rubber charging line, protect it 
from contact with oil and grease.) 


8. Screw the charging wing nut into the 
charging valve of the torpedo. 

9. Secure the safety strap around the 
torpedo, with both ends hooked to the charging 
wing nut. NE VER begin a charge until the 
safety strap is in place. 

10. Open the torpedo stop valve. Then ease 
it back about three-quarters of a turn, to keep 
it from jamming. 

11. Open the stop valve in the chargingline. 

12. Signal the compressor man to start the 
compressor. Make sure that the air is going 
through at least one of the two separators. 
While the flask is charging, crack the separa¬ 
tor drain valve frequently. Thia will blow down 
any water that collects in the separator. 

13. Watch the air pressure gage constantly. 
You must never let the pressure go above the 
limit stamped on the air flask of the torpedo. 
When the gage shows that the flask has been 
charged to the proper pressure, close the stop 
valve in the charging line. 

14. Close the torpedo stop valve. Open the 
bleeder valve in the charging line. 
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15. If another torpedo is to be charged, 
signal the other torpedo station to cut in on the 
charging line. If not, signal the compressor 
man to stop the compressor. 

Now, if you touch the air flask, you’11 find 
that it’s hot. Just how hot it is depends on how 
much air you’ve put into it, and how fast you've 
put it in. If you start with an empty flask, and 
bring it up to 2,800 psi fairly fast, it will be so 
hot you can’t keep your hand on it. 

As the air in the flask cools, its pressure 
will drop. That means you will have to continue 
charging after the air flask has cooled. You 
might be tempted, at this point, to speed up the 
cooling by spraying the flask with water. Or, 
if you’re on a submarine, you might be tempted 
to put the torpedo into the tube andflood it. But 
DON’T do it. 

A CHARGED AIR FLASK MUST NE VER BE 
ARTIFICIALLY COOLED. 

Rapid cooling will strain the flask, andmake 
it dangerous for future handling. If you should 
spray it with water when it’s really hot, it 
might even crack. And a crack would be 
followed almost instantly by an explosion. 
There’s nothing to do but wait until the air 
flask cools naturally. 

What you do now depends on how soon you 
must have the torpedo ready for firing. If 
you need it as soon as possible, wait for it to 
cool and then bring it up to 2,800 psi again. 
(You may have to repeat this operation four 
or five times before you’re finished.) Ifthere's 
no hurry, signal the compressor to shut down, 
and arrange for another charge later on. 

How do you know when you’re finished? After 
each charge, feel the air flask. If it’s hot, you 
know its pressure will drop when it cools. If 
it’s cool, or barely warm, you’re finished. 

16. If the flask is cool and fully charged, or 
if you don’t plan to give it another charge im- 
mediately, you’re ready to secure the charging 
equipment. 

17. Now, before you unslingthe safety strap, 
make a final checkup. The charging line stop 
valve and the torpedo stop valve must be 
closed. The bleeder valve must be open. If 
everything checks, slowly unscrew the charging 
wing nut, remove the charging wing nut and un- 
sling the safety strap. 

18. Replace the charging valve washer and 
plug. 


19. Hang a sign on the air flask to show 
that it’s charged. This is a REQUIRED WARN- 
ING. From now on, the flask must be handled 
with extreme care. You are forbidden to hoist 
a charged flask from a submerged torpedo 
room, or to strike it below, except on an au- 
thorized torpedo or airplane elevator. 

20. Remember, if the flask gets hot, the 
pressure will rise. A charged flask must be 
protected from heat. If possible, keep it out of 
sunlight. Or, if you must let it lie in the sun, 
put a cover over it. And leave a space between 
the cover and the air flask. 

LUBRICATION AND PRESERVATION 

Lubrication is an important operation, es- 
pecially for the air-steam torpedo. Most of the 
lubrication for advanced under se as weapons is 
not on the weapon itself. Most of the lubrication 
in an advanced underseas shop is on the tubes, 
racks, and launching equipment. There is some 
lubrication, however, to be done on the weapons. 
For instance, you will lubricate such parts as 
motor bearings, prope lier shafts, and rudder 
bearings. And, on transducers, hydrophones, 
and exploder mechanisms where salt water 
will cause corrosion and "freeze” the mech¬ 
anisms, you will apply a protective lubricant. 
But at hundreds of points in the air-steam 
torpedo—at every gear, bushing, bearing, slide, 
valve, and linkage—one metal surface slides 
over another. And how easily the se surfaces 
slide depends partly on how well they are 
lubricated. 

The lubricant used on your torpedo for any 
given job depends on several things: the metals 
the two surfaces are made of, and how smooth 
they are; the area in contact; the pressure and 
clearance between the surfaces; the operating 
temperature, and the operating speed. So you 
can readily see that lubricants are not inter- 
changeable. To do the job right, you must use 
the proper lubricant on each point in the tor¬ 
pedo. But you will not make the choice for 
yourself. Your checkoff list specifies the 
proper lubricant for each step. All you have to 
do is follow the instructions. 

Here is a list of torpedo lubricants. The 
letters are the symbols used in lubrication 
checkoff lists. (See OD 3000.) 

A — Torpedo gyroscQpe oil MIL-L-16958 
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B — Hot running torpedo oil MIL-L-6082 
grade 1100 

C — Force feed mineral lubricating oil, gen- 
eral purpose MIL-L-15016 (MS 2110) 

D — Mineral marine engine and cylinder oil 
MIL-L-15018 (MS 5190) 

E — Petrolatum, Federal Specification W- 
P-236 

F — Grease, mineral, lubricating (CUP), 
medium, Federal Specification VV-G- 
632, type A 

G — Tail packing compound MIL-T-3123 

H — Force feed mineral lubricating oil 
MIL-L-6082, grade 1100 (same oil as 
B) 

J — Light rust-preventive compound, polar 
type, grade 3 MIL-C-16173 

K — Heavy rust-preventive compound, polar 
type, grade 1 MIL-C-16173 

S — Torpedo tail grease MIL-L-3545. When 
this grease is available, use it in place 
of "G.” 

PRE SERVA TION 

We don’t need to teli you that Steel rusts 
quickly in damp air or water—especially sea 
water. Rust destroys the surface finish of 
machined parts, and makes them useless in 
precision machinery. Preservation ofthemetal 
parts of the torpedo would be easier if Steel 
were the only metal present. But the torpedo 
also contains copper, bronze, and lead. You 
know that when you put two different metals in 
an electrolyte (such as sea water), the com- 
bination sets up a battery action. An electric 
current flows, and corrodes the metal. 

But oil or grease willpreventcontactbetween 
the metal surfaces and the water. So a very 
important part of your maintenance job is keep- 
ing ali the metal surfaces of the torpedo coated 
with a preservative film of oil or grease. At 
some points—for example in the gears and 
bearings—the lubricant acts as a preservative. 
At other points—such as the outside of the air 
flask—you’11 use a grease that’s especially 
chosen for its preservative properties. 

LUBRICA TION PROCEDURE 

Each OP gives a lubrication chart. The 
chart includes a sectional drawing of the tor¬ 
pedo, and a checkoff list. It shows which parts 


to lubricate, when to lubricate them, and which 
lubricant or preservative to use. On some 
ships you may be provided with special lubri¬ 
cation charts, which you’11 use instead of those 
in the OPs. 

Here are two rules that you mayfindhelpful: 

1. Lubricate all the parts that call for one 
type of lubricant before you go on to parts that 
require another type. 

2. Finish each part completely, and replace 
its oil plug, before you go on to the next part. 

Proper lubrication requires good judgment. 
Use oil and grease generously, but not ex- 
cessively. In some places, too much lubricant 
is almost as bad as too little. This is especially 
true of the gyro bearings. In the top and bottom 
bearings in a gyro pot, and in the outer gimbal 
bearings, you put TWO DROPS of oil. In each 
of the gyro wheel bearings, you put only ONE 
DROP of oil. 

As you lubricate a moving part, exercise 
the part to work the oil in. Wipe up any extra 
oil with a clean lintless cloth. Be especially 
careful to keep dirt, grit, and lint, out of the 
oil before you use it, and out of the moving 
parts of the torpedo. Strain the oil before you 
use it. Do NOT use waste or any similar mate- 
rial on your oil containers, or on any part of 
the torpedo lubrication system. Many of the 
oil passages in the torpedo are so small that 
one grain of dirt, or one thread of lint, could 
. clog them completely. 

For lubrication, as for any other part of 
the repair and maintenance of torpedoes, follow 
the instructions as outlined in the OPs or special 
charts and notices. 

ADJUSTME NTS 

We told you in chapter 10 the terms of 
PRELIMINARY ADJUSTME NTS and FINAL AD¬ 
JUSTME NTS refer to air-steam torpedoes. 
And we told you that the advanced underseas 
weapons undergo similar treatment, but under 
different names. Advanced underseas weapons 
undergo several electronic tests before they 
are put in a fully ready condition. Testing, 
aligning, and adjusting the se electronic circuits, 
and replacing the defective parts will be a part 
of your job of adjustment. It is possible to 
test, align, and adjust most of these circuits 
simply by following detailed checkoff lists. 
But the more you know about the principies the 
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circuits are based on, the faster and more ef¬ 
fective your work will be. 

When an air-steam torpedo is delivered to 
a surface ship, it is in a ready condition. 
Usualiy when an air-steam torpedo is delivered 
to a submarine it is in a modified fully ready 
condition. Ali the electronically controlled 
weapons are delivered in a modified fully ready 
condition. The torpedo crew has to perform a 
short series of tests to put the weapon in a 
fully ready condition. 

The preliminary adjustments of the air- 
steam torpedoes serve several purposes. During 
the se adjustments you will test the torpedo for 
air leaks. You will test the controlling units 
to make sure they work properly. And you’U 
check all the reference marks, index dials, and 
pointers, for alignment and accuracy. Pre¬ 
liminary adjustments should be made with the 
torpedo resting on a truck or chocks, under a 
Chain hoist. We discussed many ofthetools and 
equipments used for adjustments in chapter 3. 
You may need to review that chapter from time 
to time. 

Final adjustments are made in preparation 
for a run of the torpedo. The equipments, tools, 
and supplies required for final adjustments are 
listed in the OPs. Some of the jobs to be done 
in final adjustments are: oil and grease the 
torpedo, check starting gear, install control 
valve, fili fuel and water compartments, install 
gyro, and prepare depth mechanism. The se are 
not all the jobs you will do, but again the OPs 
and the checklists will give you all the Infor¬ 
mation. 

CAUTION: Never lift a torpedo by the nose 
ring on the exercise head. This ring, provided 
for ease of recovery, is not strong enough to 
support the weight of the torpedo. Be careful 
not to nick or damage the propelle r or control 
surfaces during handling. And do not use vanes 
for sluing torpedoes. 

AFTER-RUN TREATMENT 

After an exercise shot, there are two things 
that you must do immediately. First, you must 
recover the torpedo and get it back aboard the 
firing ship, and second, you must give the 
torpedo an after-run treatment, to keep it from 
deteriorating before it can be overhauled. 

In recovering a torpedo, always approach it 
from the lee side. Otherwise the boat may set 


down on the torpedo, with damage to both. Pass 
the nose line first through the tail line noose, 
then through the torpedo’s nose ring. Secure 
the nose line so that the torpedo will be held 
well forward, on the side of the boat that will 
be outboard when you're under the hoisting 
davit. Work the tail line noose aft on the tor¬ 
pedo, until you can haul it tight around the tail. 
S the torpedo is floating nose up, go ahead 
slowly on the boat’s engine. That will bring 
the torpedo to a horizontal position, so that you 
can pass and secure the tail line. 

In general, here are the steps for the after- 
run treatment of an air-steam torpedo. 

1. Put the torpedo on a truck or in chocks. 
Close the blow valve, and install a starting 
lever wedge. 

2. Seat the starting piston. 

3. Remove the headlight or torch from the 
exercise head. 

4. Remove the replacement plug and install 
the transportation screw. 

5. Remove the drain plugs from the after- 
body and tail. When all the liquid has drained 
from the afterbody, replace its drain plugs. 

6. Remove the gyro clamp piate cover. 

7. Disconnect and remove the igniter. 

8. Fili the oil tanks with oil, and make a 
note of the quantity required to fili the tanks. 
(If afterbody flooded, drain oil tank as water 
can be forced in to oil tank through the vent.) 

9. Tum the torpedo over to port, far 
enough to drain the combustion flask. When the 
flask is empty, tum the torpedo bottom side up. 
Install a dummy igniter, and connect its air 
pipe. 

10. Remove the gyro bottom head, and lift 
out the gyro. Wipe the pot dry. Clean and oil 
the top and bottom bearings of the gyro. Re¬ 
place the bottom head and the clamp piate cover. 

11. Remove the water compartment filling 
plug, and drain the water into a can. Measure 
the amount of water that was left after the run. 

12. Remove the fuel filling plug. Drain 
the fuel into a can, and measure its quantity. 

13. Tura the torpedo right side up, and 
replace the water filling plug. 

14. Remove the propeller lock, the after 
propeller, and the after propeller sleeve and 
bushings. 

15. Remove the forward propeller and hub. 
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16. Take out the rudder connection screws 
and the tail joint screws, and remove the tail. 
Remove the forward propeller sleeve. 

17. Remove the cotter pins and nuts from 
the exhaust valve bracket studs, and remove the 
exhaust valve bracket assembly. 

18. Clean, inspect, and oil the exhaust 
valve springs. Replace the exhaust valve 
bracket assembly. Clean and oil the valves 
and their seats. 

19. Clean, inspect, oil, and replace the for¬ 
ward propeller sleeve, the tail, the forward 
propeller hub, the forward propeller, and the 
forward propeller nut. 

20. Clean and grease the bushings and re¬ 
place them on the after propeller sleeve. Re¬ 
place the after propeller sleeve and the after 
propeller. 

21. Replace the rudder connection screws, 
and the rudder access and tail drain plugs. 

22. While turning the propellers through 
three complete turns, fili the after propeller 
shaft with grease. 

23. While turning the propellers through 
three complete turns, fili the grease Shell in¬ 
side the after propeller sleeve with grease. 

24. Charge the air flask to 1,000 psi. Close 
the torpedo stop valve and back it off 3/4 tum. 

25. Remove the propeller lock and the 
afterbody drain plug. Set the speed change 
mechanism to low speed. Tura the propellers 
by hand to make sure the engine turns freely. 

26. Remove the starboard hand hole piate, 
and check to see that the inertia weight is all 
the way aft. Remove the starting lever wedge, 
and push the starting lever to the rear. 

27. Slowly open the stop valve, and give the 
torpedo a deck run. Control its speed with the 
stop valve. Run the engine until clean oil comes 
out through the afterbody drain plug. 

28. Seat the starting piston, and close the 
stop valve. Replace the propeller lock, the 
starting lever wedge, and the afterbody drain 
plug. 

29. Remove the water compartment filling 
plug. Replace the fuel filling plug, and then 
the water compartment plug. 

After-run treatment for advanced under se as 
weapons differs from that for air-steam tor- 
pedoes. Generally, the procedure for after-run 


treatment for advanced underseas weapons runs 
something like this: 

1. De termine the recovery equipment and 
recover the torpedo. 

2. Hoist the torpedo aboard the recovery 
vessel. 

3. Install the propeller guard. 

4. Install lanyard clip on starting con- 
nector. 

5. Insert safety pin. 

6. Remove lanyard clip; place safety pin 
in latched position. 

7. Remove propeller guard. 

8. Remove propellers. 

9. Remove clamping wing. 

10. Thoroughly wash down torpedo with 
fresh water, particularly those portions of the 
shaft housing assembly exposed to sea water. 

11. Retura torpedo to nearest overhauling 
activity as soon as possible. 

UPKEEP ROUTINES 

AIR-STEAM TORPEDOES 

As you know, a fully ready torpedo may 
often stay in the tube for months before it is 
fired. If a torpedo is to remain in a fully ready 
condition, you’11 have several upkeeproutinesto 
follow. Some of these routines will be daily, 
weekly, monthly, and some may even be at 
longer intervals. The routines vary with the 
torpedo, but the re are some things that are com- 
mon to the upkeep of all air-steam torpedoes. 
Here are the routines. 

Daily 

1. Gauge the air flask, and give it a 
booster charge, if necessary. 

2. Check to see that the impeller stop is 
in place, and the lanyard secure. 

Weekly 

1. Tura the propellers by hand at least 120 
turns. 

2. Shift the speed-change mechanism toall 
speeds, then retura it to the required speed 
setting. 

3. Operate the depth-setting mechanism to 
50 feet, then retura it to the required setting. 

4. If you're in port, or if the weather per- 
mits, refill the oil tanks. 
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Monthly 

1. Remove the tube impulse charge, and 
disengage the setting spindles. 

2. Remove the torpedo from the tube. (As 
soon as you open the tube door, put on the 
propeller lock. As soon as you can reach the 
stop valve, close it.) 

3. Insert a wedge behind the starting lever, 
and put the torpedo on a truck or in chocks. 

4. Remove the igniter, and check the con- 
dition of its end seal. Replace it in its Con¬ 
tainer and stow it. 

5. Drain the afterbody and tail. Tum the 
torpedo bottom side up, draining the combustion 
flask on the way over. 

6. Remove the exploder mechanism, deto¬ 
nator, andbooster. Replace the protectingcover 
in the exploder mechanism casing. 

7. Tura the torpedo right side up. Exer- 
cise and oil the air, fuel, and water check valve. 

8. Clean the fuel and water strainers. 

9. Remove the handhole plates, and check 
the action of the starting gear. 

10. Remove and test the control valve. If 
it doesn’t operate at the pressure stated in the 
record book, set it for that pressure. Replace 
and connect the valve in the torpedo afterbody. 

11. Operate the depth-setting mechanism to 
50 feet, and retura it to the required setting. 
Swing the pendulum back and forth a few times 
by hand. 

12. Work the depth rudders up and down a 
few times, using one hand on each rudder, with 
the same amount of force on each. Be sure the 
transportation screw is not installed. 

13. Work the steering rudders by hand, 
using the same method as in step 12. 

14. Remove the propeller lock. Tura the 
propellers by hand, at least 120 turns, and 
listen for any unusual sounds. Have someone 
tura the propellers while you check the action 
of the pallet and slide. The pallet should not 
touch either pallet pawl when it’s in neutral 
position with the gyro locked. 

15. Have someone tura the propellers while 
you move the steering engine valve by hand. The 
pallet blade should not strike either pallet pawl. 

16. Tura the propellers by hand with the 
speed-change mechanism at each of its three 
settings. Then replace the propeller lock. 

17. Fili the oil tanks with oil, and fili the 
after bearing and tail bearing with grease. 


18. Insert a wedge behind the starting lever, 
then crack the stop valve. Tura the torpedo 
bottom side up, draining the combustion flask 
on the way over. 

19. Remove the gyro cover piate. Unlock 
the gyro, and remove the bottom head. 

20. Remove and inspect the gyro, and make 
sure its balance nut is tight. Oil the gyro 
bearings. 

21. Lock and unlock the spinning mechanism 
first by hand and then by turning the spinning 
shaft. 

22. Tura the gyro top piate full range right 
and left, then retura it to zero. Note that the 
index inside the pot corresponds with the outside 
setting. 

23. Remove the propeller lock and tura the 
propellers until the cam pawl is in its extreme 
after position. Replace the propeller lock. 

24. Replace the gyro. Install the bottom 
head. Lock the gyro, and replace the cover 
piate. 

25. Replace the handhole plates and the 
afterbody and tail drain plugs. 

26. Install the booster, the impact switch, 
the detonator, and the exploder mechanism. 
Repeat the cofferdam test for leakage. 

27. Tura the torpedo right side up, and 
charge its air flask to 2,800 psi. 

28. Check the fuel, oil, and water level. 

29. Install the igniter and connect its air 
pipe. 

30. Load the torpedo in the tube. 

ADVANCED UNDERSEAS WEAPONS 

Agam we cannot discuss at length the ad- 
vanced underseas weapons. We can, however, 
give you a list of general upkeep routines that 
are applicable to all advanced underseas weap¬ 
ons. And once again, do not attempt to use this 
list as a checkoff list. 

Daily 

1. See that torpedoes are properly secured. 

2. Check the canvas covers to be sure they 
are secured. 

3. Make sure the arming fork is in place. 

4. Ciear deck gear and other unassociated 
material from torpedo stowages or launchers. 

5. Check exploder arming wire and safety 

pin. 
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Weekly 

1. Inspect for breaks in transducer face. 

2. Clean transducer face with cie an rag, 
using fresh water and mild detergent. 

3. Remove and clean screw bends with 
sandpaper as necessary. 

4. Cover the screw heads with a coat of 
rust preventive. Keep rust preventive off trans¬ 
ducer face. 

5. Cover joint between head and transducer 
face with cloth masking tape. 

6. Remove protective cloth masking tape 
cover from exploder well. 

7. Rotate metal cover of exploder well two 
revolutions. 

8. Dry exploder well with LP air if moisture 
is present. 

9. Re-cover exploder well with cloth mask¬ 
ing tape. 

10. If exploder is installed, inspect visually 
and use retaining ring pliers to compress ex¬ 
ploder retaining ring. This ensures that the 
exploder is not frozen in cavity. 

11. Check the open Circuit battery voltage. 

12. If the open Circuit battery voltage is 
below minimum, reque st a replacement from 
tender. 

13. Ensure that orifices are open. 

14. Check all surfaces on elevators and 
rudders for damage. 

15. Check propellers for damage. 

16. Rotate propeller by hand—two revolu¬ 
tions. 

17. Remove one holding nut at a time; clean, 
lubricate, and replace the holding nut and stud. 

18. Check all stud bolts between sections 
for tightness. 

19. Rotate vent (arming) fork two revolu¬ 
tions. 


20. Coat hydrogen vent assembly and vent 
fork with light coat of grease. 

Monthly 

1. Remove and wipe all grease off cover 
piate or exploder mechanism. Wipe all grease 
from exploder cavity. 

2. Using a clean dry rag, wipe off exploder 
and exploder cavity. 

3. Prior to installing cover piate or ex¬ 
ploder, add silicone grease to retaining ring 
and retaining ring cavity. 

COLD WEATHER PRECAUTIONS 

When you expect the temperature to drop 
below freezing, you’ll have to take certain cold 
weather precautions. For instance, you will 
have to add alcohol to the water in the air- 
steam torpedoes. And with Mks 14, 15, and 
16 torpedoes, you’11 have to prevent the hot- 
running torpedo oil from getting thick. You 
can do this by adding pour-point depressant at 
the rate of 6 ounces to each 5 gallons of oil. 
Heat the oil to between 140° and 150° F, and 
mix it thoroughly with the pour-point depressant 
before you pour it into the tanks. Any other 
cold weather precautions that are necessary 
will be pointed out in the OP applicable to the 
torpedo. 

REFERENCES 

OP 635, Torpedoes Mk 14 and 23 Types. 

OP 642, Torpedoes Mk 15 Type. 

NavPers 92640, Checklist for Surface Type 
Torpedoes. 

OD 3000, Lubrication of Ordnance Equip- 
ment. 

OP 2116, Torpedoes Mk 16 Mod 6. 


QUIZ 


1. What is another name for air “accumula- 
tors?” 

What are they used for? 

2. What is the purpose ofthe separatorsat 
the air compressor and the charging station 
on the air-steam torpedo? 

3. Why must you always use the safety strap 
when charging an air flask? 


4. Teli what the function of the bleeder valve 
is. 

5. Expia in the danger of trying to artificially 
cool a hot air flask. 

6. List some of the precautions that you must 
take with a charged air flask. 

7. What factors determine the choice of a 
lubricant for any given job on the torpedo? 
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8. What source of information telis you which 
lubricant to use on a given part of the 
torpedo? 

9. Why is it important to keep metal parts of 
the torpedo coated with a preservative? 


10. What two rules should you keep in mind 
when you lubricate a torpedo? 

11. When is it necessary to use a water- 
alcohol mixture in a torpedo’s water com- 
partment? 

12. What is a pour-point depressant used for? 
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Chapter 12 

ABOVE-WATER TORPEDO TUBES AND LAUNCHING SYSTEMS 


INTRODUCTION 

Modera torpedo tubes are designed to give a 
much more effective way to start a torpedo to- 
ward its target than was afforded the earlier 
torpedoes. The tubes serve the following pur- 
poses: 

1. They hold and protect the torpedo until 
you fire it. 

2. They provide a way of setting the gyro 
angle, running depth, and speed, either mechani- 
cally or electrically. 

3. They launch the torpedo ciear of the firing 
ship. 

4. They start the torpedo in the direction 
which is calculated to score a hit. 

Torpedo tube mounts are made up of one or 
more barrels, withtheir relatedunits. Theymay 
be divided into two main classes—ABOVE- 
WATER and SUBMERGED. Submerged tubes are 
mounted only on submarines. We’ll discuss them 
in chapter 13. Above-water mounts are either 
TRAINABLE or FIXED. 

Trainable tubes are used with the air-steam 
torpedoes. And with the air-steam torpedoes be- 
coming obsolete, trainable tubes are gradually 
being replaced with fixed tubes. Several marks 
and mods of fixed tubes are either in the Fleet 
or being prepared at present. We’ll talk more 
about them in the section on fixed above-water 
tube mounts. 

On destroyersanddestroyerescorts, a train¬ 
able mount is made up of three or five barrels— 
usually five. Figure 12-1 shows the Mk 14 Mod 
5 tube mount. This tube mount, the Mk 15 Mod 0 
and the Mk 32 Mod 0-2 and 2 are about the only 
trainable tube you might find in the Fleet. The 
Mk 14 Mod 5 is mounted on the centerline of the 
weather deck. 

As you can see in figure 12-1, a trainable 
mount takes up a lot of deck space. So, to make 
room on deck for extra antiaircraft armament, 
new DD and DE designs ha ve fixed tube mounts 
rather than trainable mounts. Fixed tubes are 


mounted singly, or in groups of two or more, in¬ 
side the superstructure. The tube muzzles ex- 
tend through the sides of the deck house. At 
present most fixed tubes are mounted athwart- 
ship. (In some ofthenewer destroyers, the tubes 
point forward at an angle.) Actually, the re is no 
need for trainable tubes with the advancedunder- 
seas weapons. Ali the weapon needs is to ciear 
the ship, and its search pattern will do the rest 
toward taking the weapon to its target. Figure 
12-2 shows you the Mk 24 Mod 0 above-water 
fixed tube. This is a 21", single, fixed, above- 
water lightweight tube that has a compressed air 
firing mechanism. It operates either electrically 
by remote control or manually and electrically 
locally. 

TRAINABLE ABOVE-WATER TUBE MOUNTS 

A trainable above-water (AW) tube mount is 
made up of a number of basic units, some of 
which are the stand, saddle, barrels, breechdoor 
mechanism, torpedo stops, hydraulic unit, gyro- 
setting mechanism, depth-setting mechanism, 
speed-setting mechanism, and firing mecha¬ 
nism. And some mounts have a blast shield to 
protect the operators from the blast of nearby 
guns. We’ll describe these units separately. As 
you read these descriptions, lookbackto figures 
12-1, and 12-3. Figure 12-3 shows atube mount 
captain making a speed change. 

STAND 

The stand is a steel casting, about 7 feet in 
diameter, at the bottom of the mount. Ifsbolted 
to astructuralfoundationbuiltintothedeckof the 
ship. The stand forms a support and vertical 
pivot for the rest of the mount, which revolves 
upon it on rollers. 

SADDLE 

The saddle supports the barrels, and part of 
the traininggear. It rests and pivots on the stand. 
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Figure 12-1. —The tube mount captain at his station. 


3.127 


Its main parts are a Steel casting, holding-down 
clips, a roller path, and training circle covers. 
(In figure 12-3 you can see a part of the saddle, 
under the near tube.) 

The holding-down clips are bolted and keyed 
to the lower outer surface of the saddle casting. 
These clips (together with the worm housing) 
keep the saddle from tilting or canting off the 
stand. 

BARRELS 

Each barrel is much like a gun. It serves as 
an expansion chamber for the impulse gases, and 
expels the torpedo from its muzzle as a gun ex- 
pels a projectile. When you launch a torpedo 
the barrel guides it in a fixed horizontal direc- 
tion, ciear of the ship’s deck. 

Each barrel consists of three sections—the 
main barrel, the spoon, and the spoonextension. 

The main barrel is asteelcylinder. Mounted 
on it are the ti T” guide slot, rollers, access 
openings, the spoon, breech door, torpedo stop 
mechanism, gyro-, depth-, and speed-setting 


mechanisms, firing mechanism, and the tripping 
latch. 

BREECH DOOR 

You can see the breech doors at the right- 
hand end of the barrels in figure 12-3. The door 
seals the breech end of the barrel to form a 
closed chamber, where the impulse gases can ex- 
pand to expel the torpedo. 

The breech door is dome shaped, towithstand 
the pressure of the impulse gases. It'shingedto 
the barrel at the bottom. A sealing gasket is 
cemented in a circular groove around the door's 
forward edge. The door is held shut by eight 
dogs; to open the door, you have to remove all 
but the lower two of them. A spring counter- 
balance, secured to the door and the barrel at 
the hinge, helps you open or close the door. 

STOP MECHANISM 

The torpedo stop is bolted on the top of the 
barrel. It keeps the torpedo from sliding back 
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INTERLOCK MECHANISM 
LOCKING HANDLE 
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Figure 12-2.—Mk 24 Mod 0 above-water fixed torpedo tube. 



Figure 12-3.—Tube mount captain making a speed change. 
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and forth inside the barrel. The stopmechanism 
consists of two units—the back stop and the front 
stop. 

Figure 12-4 shows the stop mechanism as- 
sembly. You can see the two stopsatthe bottom 
of the housing. The one on the right is the front 
stop. When you’re ready to load a torpedo into 
the tube, you turn the backstop handle upright. 
The motion of the backstop handle does two 
things. First, it engages the backstop carrier, 
which lifts the backstop outofthe T-slot, against 
the pressure of itsspring. Second, it engages the 
rear side of the frontstop, which swings down into 
position in the T-slot, where the torpedo guide 
stud will engage it. 



Figure 12-4.—Torpedo stop mechanism. 

After you load the torpedo horne against the 
frontstop, you insert the tension link and screw 
it into position—first in the handwheel, and then 
in the frontstop. And then you insert a cotter 
pin through the opening in the housing to engage 
the shank of the handwheel. The tension link now 
holds the frontstop firmly in place. As a final 
step, you retura the backstop handle to its hori- 
zontal position, and tighten the handwheel. The 
torpedo is now held securely against any back- 
and-forth movement greater than 0.03 inch. 

When you fire a torpedo, the torpedo guide 
stud pushes against the frontstop and breaksthe 
tension link. That leaves the frontstop free to 
swing up out of the way. The cotter pin in the 
shank of the handwheel keeps the handwheel and 
the forward part of the broken tension linkfrom 
dropping out of the stop housing. 

HYDRAULIC UNIT 

Hydraulic training units differ in details, but 
they all work on the same principle. The hy¬ 
draulic System includes two separate mecha- 
nisms, called the A-endandthe B-end. Thepump 
end of the unit is referred to as the A-end, and 


the motor end is the B-end. Both the A-end and 
the B-end may be housed in a single housing as 
shown in the lower left of figure 12-5. 



4.156 

Figure 12-5.—Housed hydraulic system 
(lower left). 


The A-end delivers oil to the B-end at any 
required speed and pressure, and receives it 
back again. A tilting box or swivel yoke in the 
A-end Controls the quantity and direction of oil 
flow. And the speed at which you turn the train¬ 
ing handwheels Controls the tilt of the box or 
yoke. The greater the tilt, the greater the volume 
of oil that goes to the B-end, and the greater the 
speed of the hydraulic motor output shaft. 

The electric motor, and the A- and B-ends of 
the hydraulic system, are mounted on the bottom 
of the left-hand barrel. Compare figures 12-3 
and 12-5. And for more information on hydrau- 
lics, read Basic Hydraulics, NavPers 16193. 
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GYRO SETTING 

You can train the tube through only alimited 
angle; you can’t always train it in the direction 
you want the torpedo to run. When you can’t, you 
have to set the gyro angle to make the torpedo 
curve after you fire it. 

You use the gyro-setting mechanism to set 
both the basic gyro angle and the spread angle. 
BASIC GYRO ANGLE is the angle between the 
final course of the center torpedo and the axis of 
the tube train. Spread angle is the angular dif- 
ference between the final course ofanytwo adja¬ 
cent torpedoes fired from the same tube mount. 
To get a ciear picture of spread angle, hold out 
one hand and spread your fingers. Now picture 
the middle finger as the basic torpedo course. 
The angle between anytwo adjacent fingers is the 
spread angle. 

The gyro-setting mechanism includes a 
spindle-engaging lever (which engages the gyro 
spindle with the gyro Socket in the torpedoes), 
handcranks, dials, shafting, and gears. Figure 
12-6 shows the location of most of these parts. 

DEPTH SETTING 

The depth-setting mechanism (fig. 12-7) is 
mounted on the top of thebarrels. IPsmuch like 


the gyro-setting mechanism, but its construction 
is a lot simpler. You can use it to set the same 
depth, at the same time, on ali torpedoes in the 
mount. 

The depth-setting mechanism consists of a 
Socket-engaging lever, a handcrank, shafts, 
gears, spindles, and adial. The socket-engaging 
lever engages and disengagesthe spindle with the 
depth-setting sockets in the torpedoes. You can 
turn the handcrank only when the spindles are 
engaged. The rotation of the handcrank is trans- 
ferred, through the gears and shafts, to the 
spindles. 

The dial, on the top of the gear housing, is 
graduated in feet from 0 to 50. It’s lighted in 
the same way as the gyro-setting dials. Power 
comes from the same battery, or from the same 
transformer in the battle lighting Circuit. The 
same transfer switch Controls the lighting Circuit 
of both the gyro-setting and depth-setting dials. 

SPEED SETTING 

Each barrel has a separate speed-setting 
mechanism. On each barrel, a T-handledwrench 
extends upward from a cylindrical housing. In¬ 
side the housing is a spring that keeps the 
wrench disengaged except when you hold it down 
by hand. A cam in the housing allows the wrench 
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Figure 12-6.—Torpedo tube control. 4.157 
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to rise only when it's in one ofthree positions— 
high, intermediate, or low speed. 

To operate the mechanism, pushthe T-handle 
down and turn the index pointer to the desired 
speed (fig. 12-3). Then release the handle and 
let it return to the UP position. 



Figure 12-7. —Depth-setting mechanism. 

FIRING MECHANISM 

Each barrel of the tube mount has a firing 
mechanism, which fires the impulse charge 
either electrically or by percussion. The Princi¬ 
pal parts of the mechanism are the firing 
chamber, flash eliminator, cartridge chamber 
door, firing pin, firing hammer, and firing con- 
trol cable. The firing mechanism may be used 
for mechanical or electrical firing. 

Mechanical Firing 

To cock the firing hammer, you pull it 
back until the spring-loaded sear slides in 
front of the hammer rod. By pulling the con- 
trol cable, you pull the sear from in front 
of the hammer rod. The firing spring then 
throws the hammer rod forward, and the 
hammer strikes the firing pin. 

The firing hammer has three positions— 
fired, ready, andsafe. In the fired position (lower 


picture in figure 12-8), the hammer is resting 
against the firing pin. In the ready position 
(middle picture), the sear holds the hammer 
straight to the rear of the firing pin. In the safe 
position (upper picture), the hammer is turned 
90° to the left. 



4.159 

Figure 12-8. —Showing the three positions of 
firing hammer on quintuple-tube mount. 
(Top) Percussion safe; (Center) Ready to 
fire either electrically or by percussion; 
(Bottom) Fired. 

Electric Firing 

You can fire the tubes electrically in either of 
two ways: (1) by closing a key on the torpedo 
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director; or (2) by closing a portable contact 
maker that you can take in hand and move around 
the director. (NOTE: Torpedo directore are no 
longer on the bridge.) Both of these firing keys 
are connected, through the torpedo firing panel, 
to a receptacle on the mount. From this recep- 
tacle, five cabies lead to the afterend of the 
firing pine in the five firing mechanisme. You 
can select the tube to be fired by operating the 
selector switches at the director station. 

Power for firing the torpedoes is taken from 
the ship’s electric System. A transformer re¬ 
duces the voltage to the required voltage. 

FIXED ABOVE-WATER TUBE MOUNTS 

As we told you earlier in this chapter, there 
are several types of fixed above-water tubes in 
the Fleet, or under development. This discussion 
is about the Mk 24 Mod 0. We have chosen the 
Mk 24 Mod 0 tube for our discussion because at 
the time of this writing it is possibly the most 
widely used tube. However, by the time this 
reaches you the Mk 32 or some other mark of 
tubes might be of wideruse. It is because of this 
constant changing of tubes that we cannotdiscuss 
any tube as THE torpedo tube. Your best bet is 
to keep check on the mark of torpedo tube being 
used in the Fleet, and studytheOPfor that tube. 
Remember this chapter isonlyanintroductionto 
torpedo tubes. 

The Mk 24 Mod 0 tube wasdesignedprimarily 
for launching electrically controlled 21" tor¬ 
pedoes (Mk 35 Mod 3). And by installing 
baffle rings, it may be adapted to fire smaller 
19 torpedoes (Mk 27 Mod 4 and Mk 37). 

The design of this tube effects a considerable 
saving of topside weight, because the tube is of 
lightweight construction. It requires no power 
drive, and is installed at a lower level than the 
old multiple-barrel, trainable type tube. In ad- 
dition the design and location of the tube makes 
it relatively easy to reload after firing. 

Figure 12-2 gives you an overall view of the 
Mk 24 Mod 0 tube mount. Its principal parts are 
the barrel, the breech door, the muzzle door, the 
firing mechanism, the stop mechanism, and the 
interlock mechanism. 

BARREL 

The barrel is an aluminum Shell. Inside the 
barrel are a series of rings and lands that form 


bearing surfaces which support and guide the 
torpedo in loading and launching. All other com- 
ponents of the torpedo tube are mounted on the 
barrel. 

Figure 12-9 shows how the lands are located 
in the tube. There are five lands—one on each 
side, one at the bottom, and two at the top. The 
bottom is wider than any of the others, since it 
has to support most of the weight of the torpedo. 
The two top lands are close together, and the 
space between them forms a slot for the torpedo’s 
guide stud to ride in. These lands prevent the 
torpedo from rotating in the tube. See figure 
12-9. 

The aluminum supports secure the barrel to 
the deck. (You can see them in figure 12-1.) They 
are designed to absorb the shock of firing. 
Since the Steel deck and the aluminum barrel ex- 
pand at different rates when they get hot, there 
will be slight movement between the two each 
time the temperature changes. The three alumi¬ 
num supports are especially designed to permit 
this movement. 

BREECH DOOR MECHANISM 

The breech door mechanism serves two 
purposes: when closed, it seals the chamber in 
the tube behind the torpedo so that the torpedo 
may be fired; when open, it furnishes access to 
the tube for loading torpedoes through the breech 
end. The breech door is an aluminum bowl, re- 
inforced by a Steel ring riveted around its rim. 
Figure 12-10 shows the main parts of the breech 
door assembly. 

As shown in figure 12-10, the breech door 
has a handle at the top, and it’s hinged to the 
barrel at the bottom. A spring at the hinge 
counterbalances the door, to make it easy to 
move in either direction. It swings 100 degrees 
downward from the closed position. And the 
door will remain fully open by its own weight. 

On the barrel, a bronze locking ring is 
threaded onto the breech flange. (Find the ring 
in figure 12-10.) When you close the breech door 
and tum the locking ring, the lugs on the ring 
slide over the lugs on the rim of the door. The 
door is then sealed, and supported against the 
force produced by firing air pressure. 

The locking ring is operatedby agear sector 
and pinion mounted on the lower right quadrant 
of the breech flange. The pinion has a socket for 
attaching a ratchet wrench. 
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Figure 12-9. —Mk 24 Mod 0 torpedo tube barrel, sectional view. 


MUZZLE DOOR MECHANISM 

The muzzle door mechanism fits over the 
outboard end of the barrel Shell and prevents the 
entry of spray or foreign matter tnto the barrel. 
The muzzle door mechanism consists of the 
muzzle door, the mechanism for opening and 
closing the door, and the devices for latching and 
sealing the door. The muzzle door is hinged at 
the top, and opens upward. The topof the door is 
splined to a shaft that turns in a housing on the 
top of the muzzle ring. The muzzle door shaft 
and breech end subassembly permit you to open 
and close the muzzle door. Figure 12-11 shows 
the breech end subassembly. 

The crank is connected, by a long shaft, to a 
worm drive at the muzzle end of the barrel. 
When you turn the crank, the worm drive turns 
the shaft to which the muzzle door is splined. 
The indicator piate (fig. 12-11) will teli you 
whether the door is open or closed. 

To open the muzzle door, you turn the oper- 
ating crank counterclockwise. The door swings 
90° from its closed position. When it’s fully 
open, it’s parallel to the axis of the barrel. 

A cam shaft, mounted on the bottom of the 
muzzle ring, engages a cam on the bottom of the 
muzzle door to latch the door shut. You control 
the cam shaft, through a long push rod, from the 
breech end of the tube. You can see the shaft in 


figure 12-2. Its T-shaped handle is just below 
and to the right of the muzzle door operating 
crank. 

FIRING MECHANISM 

You can fire the torpedo either electrically or 
by hand. At the instant of firing, the firing 
mechanism does two things. It lifts the stop 
bolts, so the torpedo will be free to move for- 
ward. And it admits a charge of compressedair 
into the breech end of the tube, to eject the 
torpedo. 

Figure 12-12 is a schematic diagram that 
shows how the firing mechanism works. We’ve 
numbered the principal parts of the mechanism. 
As we explain how the mechanism works, check 
back frequently to this figure, to make sure you 
know what’s going on. 

The air flask (1) is mounted on brackets on 
the left side of the barrel. It’s connected to the 
ship's high-pressure air line through a hand- 
operated stop valve. You open the stop valve to 
charge the flask to firing pressure. The flask 
holds enough air to fire one torpedo. If necessary 
you can bleed off the pressure, and at the same 
time drain off any condensed moisture in the 
flask, by opening the bleeder valve (2). 

The air flask is directly connected through a 
pipe (3) to an opening in the breech end of the 
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barrel (4). The firing valve (5) sealsthisopening 
until the instant of firing 

The stop cylinder (6) is mounted on the top of 
the barrel. It operates by air pressure (200 psi) 
supplied by the accumulator (7). You chargethe 
accumulator from the main air flask, through a 
reducing valve (8). When the tube is in ready 
condition, the stop cylinder valve piston (9) 
closes the line from the accumulator to the stop 
cylinder. 

Let’s take a closer look at that stop cylinder 
valve piston (9) to see what’s goingonthere. As 
you can see, air pressure (from the accumulator) 
is pressing upward against the shoulder at the 
bottom of the piston, tending to open the valve. 
The spring is pressing downward, tending tokeep 
the valve shut. When you charge the accumulator, 
its pressure builds up gradually. While that’s 


happening, air slowly leaks through an opening in 
the valve piston, and filis the chamber above it. 
It's sealed the re by a smallpilot valve (10). The 
spring tends to keep the pilot valve shut. 

To sum it up: when the tube is in ready con¬ 
dition, three forces are acting on the stop 
cylinder valve piston. Accumulator air ispush- 
ing up on the shoulder at the bottom of the piston. 
Accumulator air is pushing down on the upper 
surface of the piston. The spring is pushing 
down. The net resuit is a downward force, and 
the valve stays shut. 

Now let’s go back to the firing valve (5). 
While you were charging the air flask, air leaked 
through a port in the firing valve, intoa chamber 
above it. It’s sealed there by the pilot valve (11) 
in the left end of the stop cylinder. Both air 
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Figure 12-11.—Breech end subassembly. 


pressure and spring pressure tend to keep this 
valve shut. 

So when the tube is in ready condition, three 
forces are acting on the firing valve. Impulse 
air is pushing up on the shoulder at the bottom 
of the valve; it’s pushing down on the upper 
surface of the valve. The spring is pushing down. 


The net resuit is a downward force, and the 
valve stays shut. 

Now, let’s see what happens when youfire the 
tube. To fire the tube by hand, you push the 
firing handle (12) toward the muzzle. To fire it 
electrically, you close a Circuit that energizes 
the solenoid (13). Both methods of firing do the 
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Figure 12-12.—Firing mechanism in ready condition. 


Same thing; they open the pilot valve (10). As When the pilot valve opens, it vents the air 

soon as the pilot valve opens, it vents the air from the chamber above the firing valve. The 

above the stop cylinder valve piston (9). Now upward pressure of the impulse air against the 

the upward pressure on the bottom of the piston shoulder at the bottomof the valve overcomes the 

overcomes the downward pressure of the spring. pressure of the spring. The valve begins to 

The valve opens, and admits air from the accum- open. Impulse air then reaches the whole bottom 

ulator to the stop cylinder. surface of the valve, and it opens completely. 

When air enters the stop cylinder, it pushes Impulse air enters the barrel, and ejects the 

the stop piston (14) toward the breech. The stop torpedo. 

piston draws the stop shaft (15) toward the Now look at the cable (16) that goes from 

breech. And that does two things. First, it the torpedo to a connection on the inner surface 

withdraws the stop bolts from the tube. Second, of the breech door. It enters the torpedo through 

it strikes the pilot valve stem, and opens the a waterproof bushing in the afterbody. In the Mk 

pilot valve (11). 35 torpedo, you make the gyro anddepthsettings 
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electrically, through this cable. Another cable 

(17) carries the circuitsfromaconnectiononthe 
outside of the breech door to the cutoff switch 

(18) . 

Notice that when you fire the torpedo, the air 
from the chamber above the firing valve is 
vented to the cylinder (19) below the cutoff 
switch. The pressure forces the piston in this 
cylinder down. And the piston rod operates the 
cutoff switch. The cutoff switch doestwothings. 
It opens the control circuits of the gyro and 
depth mechanisms. And it closes the Circuit 
that starts the electric motor in the torpedo. 

As the torpedo moves forward inside the 
tube, the control cable (16) is held securely by a 
clamp (20) on the inner surface of the breech 
door. The tension on the cable turns a semi- 
circular knife (21) on a pivot near the cable 
bushing. The knife cleanly cuts the cable and 
the torpedo Controls take over. 

STOP MECHANISM 

The stop mechanism holds the torpedo in 
place in the tube until you fire it. It’s mounted 
on the top of the barrel near the muzzle end. 
Fi gure 12-13 is a schematic diagram of the stop 
mechanism in its normal position. The two stop 
bolts extend downward into the guide slot, one 
at each end of the torpedo guide stud. (So you 
can load a torpedo into the tube, there’s a pro- 
vision for raising the rear stop bolt by hand.) 



Figure 12-13. —Stop mechanism in normal 
position. 


Figure 12-14 shows what happens when you 
fire the torpedo. The stop shaft, you remember, 
is connected to the piston in the stop cylinder. 
At the instant of firing, the piston draws the 
stop shaft toward the breech. (That’s toward the 
left in figures 12-13 and 12-14.) 



Figure 12-14.—Stop mechanism in firing 
position. 


As the stop shaft moves toward the breech, 
its two cams lift the stop bolts out of the guide 
Slot, freeing the guide stud of the torpedo. 
(Compare figures 12-13 and 12-14.) After the 
torpedo leaves the tube, a spring returas the 
stop shaft to its normal position, lowering the 
stop bolts into the guide Slot. 

INTERLOCK MECHANISM 

The torpedo tube interlock mechanism is a 
safety factor. It prevents unsafe operation of the 
torpedo tube. The interlock mechanism is oper- 
ated manually and is controlled by a locking 
handle at the breech. The locking handle has 
three positions: SAFE, FIRING, and LOADING. 
The mechanism is normally set at safe. The 
other two positions are used only during actual 
operation of firing, loading, or unloading. When 
the handle is at safe or loading, complete oper¬ 
ation of the firing mechanism is blocked by the 
shutter bar. (You can see the locking handle of 
the interlock mechanism in figure 12-11. Itisn’t 
labeled, but you can see it sticking up at the top 
of the picture, just to the right of the words 
"breech and shaft.") Figure 12-15 shows the 
locking handle assembly. 

The interlock mechanism permits the stop 
cylinder piston to move the firing valve only 
when the breech door is locked closed and the 
muzzle door is fully open. The mechanism pre¬ 
vents the breech door from unlockingor the muz¬ 
zle door from moving when the tube is set and 
ready to fire. The mechanism, in addition, pro¬ 
vides the linkage for raising the rear stop bolt 
of the stop mechanism for loading or unloading 
torpedoes. It is arranged so that the stop bolt 
cannot be raised when the breech door is locked, 
nor can the breech door be locked while the rear 
stop bolt is up. 
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ELECTRIC CIRCUITS 

The electric circuits of the above-water 
torpedo tube Mk 24 Mod 0 are the firing Circuit, 
lighting interlock Circuit, indicator Circuit, 
heater Circuit, and the torpedo control system. 

The se circuits perform the functions of con¬ 
trol, indication, and heating necessary to the 
safe and efficient operation of the torpedo tube. 
We won’t describe these circuits, but we’11 teli 
you briefly what they do. 

The firing Circuit makes it possible to fire 
the tube electrically, by energizing the solenoid 
in the firing mechanism. You can fire the tube 
remotely from the torpedo control station, or 
locally from a station in the torpedo workroom. 

The lighting interlock Circuit Controls the 
space lighting tokeepyoufromprojectingabeam 
of light through the tube. H youopen the breech 
door and the muzzle door at the same time, 
the workroom lights go out. 

The indicator circuits Show the personnel at 
the torpedo control stations when the tube is 
ready to fire, and when the tube is ciear. 

The heater Circuit keeps the muzzle door 
from icing up in cold weather. It makes it 


possible to operate the tube at temperatures as 
low as 40° F below zero. A thermostat Controls 
the temperature range. When the temperature 
drops to the lower limit of the set range, the 
thermostat turns the heater on. When the heater 
brings the temperature to the upper limit of the 
range, the thermostat turns the heater off. 

The torpedo control circuits provide a means 
for setting torpedo gyro angle and depth electri¬ 
cally, from the torpedo control station. 

OPERATION 

The tube captain, the operator, and the tor¬ 
pedo handler are the stations required to oper¬ 
ate a battery of Mk 24 Mod 0 tubes. 

The tube captain is the torpedoman in charge 
of the battery. He directs the performance of 
the tube operator and torpedo handler. He also 
Controls the energizing of the torpedo Controls 
by operating the relay transmitter at his station. 

The tube operator performs the manipula- 
tions of the torpedo tube Controls required to 
carry out the operating cycle. He operates the 
door mechanisms and sets the locking handle. 
After firing, he operates the loading mechanism 
Controls and charges the air flask. 

The torpedo handler operates the trolley 
hoist to remove the torpedoes from the stowage 
chocks and put them in place on the loading 
trays. Since two men are usually required to 
handle a torpedo, the handler may be assisted 
by one of the other crew members. As an al¬ 
te rnative, the tube captain and tube operator may 
perform the torpedo handling. 

The tube normaHy is secured in a condition 
of readiness in which the following settings and 
conditions exist. 

1. Torpedo loaded and control cable con- 
nected 

2. Air flask charged 

3. Breech door closed and locked 

4. Accumulator charged to 200 psi 

5. Muzzle door closed and latched 

6. Locking handle at SAFE 

7. Disconnect switch at READY 

8. In cold weather, muzzle door heater 
turned on. 

TORPEDO FIRING FROM ABOVE-WATER 
FIXED TUBES 

The torpedo tube normally is fired electri¬ 
cally by closing the remote firing key at the 
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firing panel or relay transmitter. Closing one 
of these keysenergizesasolenoidwhichinitiates 
the firing action. But in the event something 
goes wrong with the electrical firing Circuit, the 
firing mechanism can be operated manually. 
Pushing the push rod knob produces the same 
resuit as the action of the firing solenoid. 

The cycle of operation of the Mk 24 Mod 0 
starts with the tube in a secured position. And 
the four principal operations of the operating 
cycle are: 

1. Preparation for loading 

2. Loading 

3. Preparation for firing 

4. Firing 

When you’re getting any fixed AW torpedo 
tube ready to fire, the re are five conditions 
you must meet. 

1. Ali of the tube mechanisms must be in 
working order. 

2. The torpedo and tube mechanisms must 
be treated with the proper lubricants and pre- 
servatives. 

3. The torpedo must be fully ready to fire. 

4. The torpedo must be loaded into the tube 
without damage to the torpedo or tube. 

5. The tube firing mechanisms must be in a 
ready condition. 

Remember that different marks of torpedo 
tubes differ considerably in details. For specific 
instructions read the OP that applies to the tube 
you're working with. Follow the instructions 
and under NO circumstances are you to fire 
before you’re ordered to do so. 

TUBE MAINTENANCE 

By tube maintenance we mean keeping the 
tube in top condition. Proper maintenance not 
only helps to prevent damage—it shows up small 
troubles before they become big ones. You will 
not be required to make major tube repairs 
aboard your ship. But tube maintenance is one of 
your important jobs. 

Inspection, test operation, careful servicing, 
good lubrication, and proper preservation are ali 
important phases of tube maintenance. And ali 
contribute to good performance and reliability 
of the tube. Yet, possibly the most important 
phases of maintenance for you are keeping the 
tubes clean, and lubrication. 

Keeping the tubes clean means keeping the 
working parts free of all foreign matter—such 


as particles of grit, metal, lint, and abrasives. 
And it means removing corrosion and rustif they 
form. 

As to lubrication, you will be given lubrica¬ 
tion charts that teli you what kind of lubricant to 
use on each part of the tube. Consuit the charts 
often. Follow the directions exactly, and use only 
the lubricant specified by the chart. 

The OP will outline upkeep routines for you. 
Don’t try to memorize them. Remember only that 
if you follow the checkoff lists exactly, without 
trying any shortcuts, you will save time in the 
long run. 

REPAIRS 

As we told you, you won’t have to make major 
repairs to the torpedo tubes aboard your ship. 
Complete overhauls or extensive repairs are 
jobs for a shore station or tender. But you may 
sometimes have to replace a broken part, or 
make some other minor repairs. Before you 
start any repair job that involves removal or 
disassembly of a part, STUDY THE BLUE- 
PRINTS AND NOTE THE REFERENCE MARKS. 
Read the chapter in the OP that describes the 
gear you’re working on. Be certain that you 
disassemble and reassemble all parts in accord- 
ance with the drawing. 

DISASSEMBLY 

All mechanisms of Torpedo Tube Mk 24 
Mod 0 can be disassembled, removed, replaced, 
and reassembled with Standard tools from the 
torpedo workshop. But before you commence 
to disassemble any mechanism or part of the 
torpedo tube, perform the following steps: 

1. Close off the high pressure ship’s Serv¬ 
ice air line to the air flask. 

2. Bleed air flask to zero pressure. Bleed 
accumulator to zero pressure. 

3. Unload the torpedo from the tube. 

The procedures and techniques of good me- 
chanical workmanship are applicable to all of the 
disassembly and reassembly operations. Special 
care should be taken to comply with the follow¬ 
ing general procedures. 

1. Keep all parts clean and free of dust, 
dirt, or grit. 

2. Protect all working surfaces from damage 
while the parts are disassembled. 
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3. Cover all cavity openings with heavy 
paper to prevent the entry of foreign matter. 

4. Protect all pressure flanges with wooden 
covers or heavy paper. 

5. Examine all vent holes and equalizer holes 
for dirt or possible plugging, then cover them 
with paper. 

6. Handle all gaskets and seals with care. 

7. Be sure that gaskets are clean and free 
from foreign matter. 

8. Blow out air pipes with compressed air 
before replacing. 

REASSEMBLY 

All units are reassembled in reverse order 
of disassembly. After reassembly of a unit, all 
adjustments applicable to that unit should be 
made in accordance with adjustment instruc- 
tions. During reassembly of the air flaskbleeder 
valve, or of the accumulator bleeder valve, the 
part of the drain tube which is inside the accum¬ 
ulator flask must slope in a vertical downward 
position. If the drain tube is notat the bottom of 
the flask, condensation may accumulate in the 
flaSk up to the level of the drain tube opening, 
reducing the capacity of the flask. 

LAUNCHING SYSTEMS 

Torpedoes are launchedfromdestroyer-type 
patrol, and APD (High Speed Transport) vessels 
by torpedo launching Systems having pneumat- 
ically operated racks, which may be actuated 
either electrically or manually. With the excep- 
tion of the air compressor, which is furnished 
as part of the launching System aboard patrol 
and APD vessels, the component parts andfunc- 
tions of these three launching Systems are 
identical. The component parts are divided 
principally into the launching rack, the pneumatic 
System, and the electrical System. 

The launching rack, figures 12-16 and 12-17, 
supports the torpedo and catapults it over the 
side of the ship. APD vessels carry one rack, 
while destroyer-type and patrol vessels have 
two racks, one on the starboard and one on the 
port side of the ship. 

The pneumatic system Controls the flow of 
compressed air to operate the launching rack. 


A series of valves in this system permits a 
flow of compresse^ air into an accumulator and 

from the accumulator into a cylinder to actuate 
a piston whereby the torpedo is catapulted into 
the water by the arms of the launching rack. 
The compressor, figure 12-18, is usedtosupply 
air to the accumulator on those vessels which 
do not have an adequate air supply. 

The electrical system Controls the functions 
of the pneumatic system. It includes an elec¬ 
trical firing panel and electrical components 
contained in a control box. The firing panel 
is mounted with in a weather protected Container 
which is secured to a bulkhead in a protected 
area near the rack where the operator has an 
unobstructed view of the launching operations. 

To provide a means of manually firing the 
launching rack when a sourceof electrical power 
is not available, a manual firing mechanism has 
been included with eachof the launching Systems. 
Manual firing, however, is an emergency method 
to be used only when the accumulator is charged 
and when electrical power has been interrupted 
or has failed. 

The three launching Systems we have talked 
about are Mk 2 Mod 0, Mk 2 Mod 1, and Mk 2 
Mod 2. For complete information on these Sys¬ 
tems and what they include, read OP 2090. And 
as newer Systems are introduced to the Fleet 
new OPs will be released to cover them. Read 
these new OPs so that you may become familiar 
with the new Systems. 


REFERENCES 

OP 764, 21-Inch Torpedo Tubes Mk 14 and 
Mods, Mk 15 and Mods. 

OP 1758, 21-Inch Torpedo Tube Mk24ModO, 
Fixed Type. 

OP 1749, 21-Inch Torpedo Tube Mk 23 Mods 
0, 1, and 2. 

OP 2090, Torpedo Launching Systems Mk 2 
Mods 0, 1, and 2. 

NavPers 16193, Basic Hydraulicp. 
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PEDESTAL MAIN ARM SHAFT 



Figure 12-16.—Torpedo Launching Rack Mk 4 Mod 0. 



SAFETY VALVE 


TORPEDO PRESENT 
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Figure 12-17.—Torpedo Launching Rack Mk 4 Mod 1 with torpedo in place. 
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Figure 12-18,—Air compressor. 
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QUIZ 


1. What are the purposes of the torpedo tube? 

2. What are the two types of above-water tube 
mounts? 

3. Why is it that trainable tube mounts are not 
needed with advanced underseas weapons? 

4. Name some of the basic units of a torpedo 
tube, 

5. Explain the function of the torpedo stop 
mechanism. 

6. In the above-water fixed tube, what is the 
purpose of the five lands in the barrel? 

7. On the Mk 24 Mod 0, what two purposes does 
the breech door mechanism serve? 

8. On the Mk 24 Mod 0 tube mount, at the 
instant of firing what two things does the 
firing mechanism do? 

9. On the Mk 24 Mod 0, what is the function of 
the interlock mechanism? 


10. What are the principal operations of the 
operating cycle of the Mk 24 Mod 0 tube? 

11. Name the two most important phas es of tube 
maintenance for you as a TM 3. 

12. Before you start to disassemble any mecha¬ 
nism or part of the Mk 24 Mod 0 tube, what 
three things should you do? 

13. Name the three component parts of the three 
launching Systems discussed inthis chapter. 

14. What is the job of the launching rack? 

15. How many launching racks are on the 
destroyer-type and patrol vessels? 

16. What is the job of the pneumatic System of 
the launching system Mk 2? 

17. What is the job of the compressor in the 
pneumatic system of the Mk 2 launching 
system? 


199 


Digitized by v^.oo£Le 












CH APTER 13 


SUBMERGED TORPEDO TUBES 


Submerged torpedo tubes look somewhat like 
the fixed above-water tubes. But because they 
operate under water, the submerged tubes are a 
bit more complicated than the above-water type. 

In this chapter we will discuss briefly the 
submerged tubes installed in United States Navy 
submarines SS 563 through 568 inclusive. Sub- 
marines of this class are fitted with six bow 
torpedo tubes, and two stern tubes. The bow 
torpedo tubes are covered fully in OP 1933. 
See OP 2068 for complete information on the 
stern tubes. 

The component parts of the bow and the stern 
tubes are basically the same. But because of 
the differences in function, purpose and operation 
we'll discuss them separately. Again, this is 
a brief discussion. Check the appropriate OPs 
for complete information. 

BOW TUBES 

We have already told you that the tubes we’ll 
discuss are those installed on the submarines 
of the SS 563 through 568 class. Bow tubes 
installed in this class of submarines are essen- 
tially the same. They are designed for hydraulic 
expulsion of electrically set torpedoes. 
Complete understanding of the se installations 
on various vessels can be obtained only through 
experience and the OPs. 

The Mk 43 and Mk 45 bow tubes are the tubes 
that we will use for our purpose. See figure 
13-1. They differ from the older tubes in 
three ways. 

1. They use hydraulic ejection. 

2. They use electrical servomechanisms. 

3. They have incorporated a compensating 
System in the bow nest. 

HYDRAULIC EJECTION 

Basically Mk 43 and Mk 45 resemble the older 
type of bow tubes, except for the method of 


ejecting torpedoes. The older tubes use a 
method of pneumatic ejection, where the tor¬ 
pedo was ejected by a charge of compressed 
air. Mk 43 and Mk 45 eject torpedoes with a 
charge of water, a method known as hydraulic 
ejection. 

OP 1933 gives a complete comparison of the 
two ejection systems and pointsoutthefollowing 
advantages of the hydraulic ejection over the 
pneumatic ejection systems. 

1. Ability to launch torpedoes at any oper- 
ating depth 

2. Bubbleless ejection 

3. Quieter ejection (less waterborne noise.) 

ELECTRICAL SETTING 

All electrical settings are fed into the 
torpedo by servomechanisms or by stepping 
relays for the preset functions. The servo- 
mechanism orders for gyro angle, depth and 
enabling run may be set locallybyhandcrank on 
the relay transmitter orremotely from the angle 
solver in the attack center. 

COMPENSATING SYSTEM 

You have already been told about negative 
and positive buoyancy. When a torpedo is ready 
for firing, it has negative buoyancy, that is, 
the weight of the torpedo is greater than that 
of the volume of sea water which it displaces 
when submerged. The compensating system 
provides a means of taking sea water into the 
vessel to neutralize the unbalance created by 
firing war shot torpedoes which are heavier than 
the amount of seawatertheydisplaceinthe tube. 
The weight of some exercise torpedoes is com- 
pensated for by the amount of water which is in 
the tube after firing. 
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Figure 13-1.—Torpedo tube ready to be loaded. 
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GENERAL DESCRIPTIONOF 
BOWTUBES 

Torpedo Tubes Mk43andMk45arehydraulic 
guns which launch torpedoes or mines by use of 
water supplied by the torpedo ejection pumps 
to the space between the torpedo or mine tail 
and the tube breech door. The water, forced into 
this space by pressure, carries the torpedo or 
mine out of the tube into the sea. Firing 
torpedoes by hydraulic ejection eliminates the 
danger of discovery by reason of an accidental 
air bubble. It is also a quiet method of ejection 
and offers greater efficiency at greater depths. 

The bow tubes are referred to as the bow 
nest. The three tubes and ali the mechanisms 
associated with them on the starboard side are 
right-hand tubes and mechanism. Similarly, ali 
the tubes and mechanisms on the port side are 
referred to as port tubes and mechanisms. 

The tubes have been installed so that the 
odd numbers (1, 3, 5) are on the starboard side 
and the even numbers (2, 4, 6) are on the port. 

Component Parts of Bow Tubes 

The bow tube is made up of the following 
components. 

1. Barrel, including rollers and slide valve 
with its operating mechanism 


2. Breech door mechanism 

3. Muzzle door mechanism 

4. Torpedo stop mechanism 

5. Firing mechanism 

6. Interlocking mechanism 

BARREL.—The barrel is a pressure-proof 
cylinder, 21 feet long, which extends from within 
the forward torpedo room to the free-flooding 
portion of the vessel’s structure. You load the 
torpedo into the barrel from the torpedo room 
and launch it from the barrel into the sea. 
Rollers, installed within the barrel, are spaced 
to provide continuous support for a torpedo 
during loading and are fitted to reduce the effort 
required when loading a torpedo into the tube. 

Six ports in the barrel allow water to go 
from the impulse tank, which is located at the 
forward end of the ejection pump and aroundthe 
torpedo tube barrel, into the barrel to force the 
torpedo out of the tube. The slide valve, which 
travels fore and aft in the barrel, is used to 
close off the sixportsortoopenthem, depending 
upon the position of the muzzle door. The 
slide valve for each tube is connected to the 
muzzle door operating shaft for that tube. There- 
fore, when the muzzle door is opened the slide 
valve is opened and that tube has been selected 
to receive the water pressure from the impulse 
tank. 


201 


Digitized by v^.ooQle 





TORPEDOMANS MATE 3 & 2 


BREECH DOOR MECHANISM.—The breech 
door is the inboard closure for the barrel. 
This door provides a mounting for the tube 
pressure gage and the reflex water gages 
which indicate the water level within the tube. 
The cable, which supplies information to elec- 
trically set torpedoes, enters the tube through 
a hole in the center of the breech door. 

The breech door and itsoperatingmechanism 
(fig. 13-2) serve four purposes. 

1. When shut, to seal the chamber in the 
tube behind the torpedo so that the torpedo may 
be fired. 

2. When open, to furnish access to the tube 
for loading torpedoes through the breech end. 

3. To provide a mounting for the reflex 
water gages which indicate the water level 


within the tube and for the pressure gage. 

4. To provide a mounting and passage for 
the conductor cable which supplies information 
to electrically set torpedoes within the tube. 

The breech door is an aluminum bronze 
casting. The eight rings around the door are 
machine finished on the surfaces which come in 
contact with surfaces on the locking ring. The 
eight rings provide bearing surfaces which are 
engaged by .the locking ring lugs to bring the 
barrel and door faces together and to resist the 
water pressure inside the barrel when the torpedo 
is ejected. 

The hand grip, shown in figure 13-2, is 
used for manually swinging the door open and 
shut. It is bolted to the door andisthe only way 
to open the door. The large hole through the 
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center of thebreechdoorpermitstheinstallation 
of the tube door connector receptacle. You can 
see in figure 13-2 how the connector receptacle 
is installed. 

MUZZLE DOOR MECHANISM. — The muzzle 
door is the outboard closure of the barrel. 
This door is operated by a hydraulic ram 
mounted on the barrel within the torpedo room. 
The ram is actuated by power supplied either 
from the vessePs hydraulic system or from a 
hand-operated pump. Controls for ali muzzle 
doors of the bow tube nest are incorporated in 
a single manifold mounted above the breech ends 
of the tubes. The operating shaft for the bow 
tube muzzle door furnishes the power for 
operating the barrel slide valve which opens or 
closes simultaneously with the muzzle door. 

When the muzzle door is shut (fig. 13-3), 
it covers and seals the muzzle endof the barrel. 
This allows the barrel to be drained and the 
breech door to be opened. 

As the muzzle door operating shaft moves 
(fig. 13-4), the slide valve operating rack turns 
the pinion gears of the slide valve operating 
mechanism. This rack opens the slide valve 
when the operating shaft travels muzzleward and 
closes the slide valve when the shaft moves 


PIN CONNECTING PIN FORK HINGE 



SHUTTER 

CONNECTION 
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Figure 13-3.—Muzzle door, closed. 


backward (fig, 13-5). This operationeliminates 
the possibility of having the slide valve open 
when the muzzle door is shut. 

STOP MECHANISM.-The torpedo stop 
mechanism (fig. 13-6) holds the torpedo in the 
tube by means of tube bolts, one forward and 
one aft of the torpedo guide stiid. At the time 
of firing, it is essential to free the torpedo an 
instant before it is expelled from the tube. 
And for this reason, the stop cylinder is the 
first valve to receive air pressure when the 
firing plunger is moved by the firing lever. 
This air moves the stop mechanism to the 
fire position an instant before the remaining 
valves in the firing system are actuated. 

The three positions of the stop mechanism 
are: 

1. LOCKED, both stop bolts down and holding 
torpedo by the guide stud. 

2. LOAD, forward stop bolt down, after one 
up to permit loading of torpedo. 

3. FIRE, both stop bolts up and torpedo 
is free to move forward in the tube. Normally 
the stop mechanism is operated by ship's 
Service air which is admittedto the stop cylinder 
by actuation of the stop cylinder valve. This 
mechanism can also be manually operated toany 
position. The indicator gear is automatically 
turned by the cylindrical cam and it shows the 
position of the stop mechanism. 

FIRING MECHANISM.-The firing mech¬ 
anism can be divided into two parts. Those 
components which are mounted on each tube and 
those which are mounted in the torpedo room. 
The room mounted components consist of one 
unit for each bank of tubes either port or 
starboard. They are the ram control timing 
valve, firing control valve, firing valve, and 
Service air interlock valve. The units which 
are mounted on each tube, and which serve 
each tube, are the torpedo stop cylinder valve, 
anti-refire selector valve, firing solenoid and 
hand key, and a transfer switch. 

Each valve in the firing system performs 
a specific function at the instant of firing a 
torpedo. The stop valve is mounted on the 
breech end of the tube. It contains a firing 
plunger and an anti-refire plunger. The firing 
plunger, which is gagged when the muzzle door 
is shut, can be operated manually or electrically 
by a hand-firing lever or an electrical solenoid. 

The stop cylinder valve delivers actuating 
air to the torpedo stop mechanism to lift the 
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OPERATING SHAFT 



Figure 13-4.—Slide valve open— grids removed from ports. 


4.172 



Figure 13-5,— Slide valve closed—grids removed from ports. 4.173 


stop bolt and then receives a returned air 
pressure from the RAM CONTROL TIMING 
VALVE at the end of the working stroke of the 
ejection pump. By use of this pressure, the 
valve makes the tube safe against refiring, 
until the tube has been fully secured and again 
made ready to fire. 


The Service air interlock valve serves 
as an initial stop valve between the ship's 
Service air supply and the firing system. It 
is opened automatically when the sea water 
intake valve is opened. This ensures that the 
ejection pump system is full of water prior to 
admitting air to the firing system. 
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Figure 13-6.—Torpedo stop cylinder and cam housing. 


The ram control valve reverses the travel 
of the ejection pump ram at the end of its 
working stroke by admitting air pressure to the 
forward side of the air piston. 

The anti-refire selector valve allows ship's 
Service air to pass to the stop cylinder valve 
and operate the anti-refire plunger of the tube 
fired. The anti-refire selector valves of the 
unfired tubes block the air from the anti-refire 
plungers of those tubes. 

The firing valve, when open, provides a 
passage for impulse air to enter the ejection 
pump air cylinder and drive the ejection pump 
ram forward. And the ram return valve returns 
the ejection pump ram to the battery position 
if the air supplied by the ram control timing 
valve fails to do so. 

The 65-conductor cable, which feeds elec- 
trical functions into the torpedo prior to firing, 
is cut when the torpedo is fired. The Mk 5 
switch box (fig. 13-7), breaks the circuits 
in this cable just before it is cut, thereby 
preventing short circuits. 

INTERLOCKING MECHANISM. — The inter- 
locking mechanism is designed to guard against 
faulty operation of the torpedo tube. Interlocks 


may be divided into two major categories; first, 
those which protect the watertight integrity of 
the vessel, and second, those whichpreventdam- 
age to weapons or equipment. 

The interlock mechanism guards against the 
following acts: 

1. Opening the muzzle door unless both the 
breech door and the drain valve are shut and 
locked shut. 

2. Opening either the breech door or the 
drain valve unless the muzzle door is shut and 
locked shut. 

3. Firing the tube, either electrically or 
by hand, unless the muzzle door is fully open. 

4. Opening more than one muzzle door on 
one side at a time. 

FLOOD AND DRAIN SYSTEM 

The flood and drain system is used to flood, 
vent, and drain the tubes before and after firing 
a torpedo. This system has flood and drain 
valves incorporaited in the flood and drain mani- 
folds, blow and vent valves incorporated in the 
blow and vent manifolds, and the requiredpiping, 
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Figure 13-7. —Switch Box Mk 5 and linkage. 


Controls, and related interlocking mechanisms 
to ensure a watertight vessel. 

Each 'bank of tubes has an individual blow 
and vent manifold and an individual flood and 
drain manifold. The blow and vent manifolds 
are mounted directly above the breech doors 
of numbers one and two tubes. The flood and 
drain manifolds are located on the outboard side 
of tubes numbers five and six, at the breech 
end. 

The flood and drain manifold has one valve 
for each torpedo tube. These valves are lever 
operated, and are of the quick-opening, poppet 
type. When draining, water passes through the 
valves to the WRT (Water Around Torpedo) tank. 
When flooding, the ship’s Service air blows 
water from the WRT tank to the tubes. Each 
valve is interlocked with the muzzle door of 


the tube it serves to prevent both from being 
open at the same time. 

In the firing procedure, a torpedo is loaded 
into the tube and the breech door is locked shut. 
Ship’s Service air pressure forces water from 
the WRT tank to flood the tube. As the tube 
floods, air inside the tube is released through 
the vent valve of the tube blow and vent connection. 
When water pressure inside the torpedo tube is 
within five pounds per square inch of sea 
pressure, the tube vent and drain valves are 
closed; the air pressure remaining in the WRT 
tank is vented. Pressure inside the torpedo tube 
is then made equal to sea pressure by use of 
the equalizing line. 

To drain the tube after the torpedo has 
been launched and the muzzle door has been shut, 
open the tube drain and the tube blow valve. 
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Air is then admitted to the tube to force the 
water through the drain into the WRT tank. 
The WRT tank vent valve must also be opened. 

How the Mk 43 and Mk 45 Torpedo 
Tubes Work 

Before you load the torpedo through the 
breech door, open the tube vent as a safety 
precaution to assure that ali air pressure has 
been vented from the tube. The tube vent 
should be left open during loading to prevent 
a buildup of back pressure as the torpedo moves 
into the tube. 

In figure 13-8, a torpedo is shovm loaded 
into the tube and the breech door shut. At this 
point ali openings to the tube are shut except 
the tube vent. This is a normal cruising 
condition. 

When general quarters is sounded, or when 
a torpedo exercise drill is started, the sea 
water intake valve is opened, as shown in 
figure 13-9. Opening the sea water intake 
valve admits Service air to the torpedo tube 
stop cylinder valves. The hydraulic ejection 
system must be full of water when firing. 
When this happens, the impulse flask is then 


charged to the prqper impulse pressure by 
opening the impulse flask stop valve. 

When flooding the tube from the WRT tank, 
the tube drain valve is opened to the WRT tank. 
Ship’s service air is then admitted to the WRT 
tank through the WRT tank blow and vent 
connection. Ship’s service air pressure builds- 
up in the WRT tank and forces the water in that 
tank up through the tube drain valve into the 
torpedo tube completely surrounding the torpedo. 

When the order "Open Muzzle Door" is 
carried out, immediately the pressure equalizing 
line equalizes the pressure in the torpedo tube 
to that of the sea. 

Figure 13-10 shows the tube flooded and the 
muzzle door and slide valve open. The torpedo 
is now ready to be ejected by the admission of 
water from the plenum chamber through the slide 
valve ports. The plenum chamber is known as 
the impulse tank aboard ship and ali valve s and 
water level indicators associated with this 
impulse tank are labeled as such. There is no 
danger that the torpedo will slide out ofthe tube 
into the sea, since the torpedo is held in the tube 
by the torpedo stop mechanism until the instant 
of firing. 

Figure 13-11 shows the torpedo being ejected 
from the tube. The firing valve has opened, 
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Figure 13-8.—Torpedo loaded in tube. 
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SEA WATER INTAKE VALVE (OPEN) 



IMPULSE FLASK 
STOP VALVE 
(OPEN) 

WRTTANK 
BLOW AND VENT 
CONNECTION 
(SHUT) 


Figure 13-9. —Sea water intake valve open. 


SEA WATER INTAKE VALVE (OPEN) 



IMPULSE FLASK STOP 
VALVE (OPEN) 


WRT TANK 

BLOW AND VENT CONNECTION 
(BLOW OPEN-VENT SHUT) 


Figure 13-10,—Tube flooded from WRT tank. 
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CONNECTION 
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BLOW AND VENT 
CONNECTION (SHUT) 


MUZZLE DOOR 
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^TORPEDO TUBE 
DRAIN VALVE 
(SHUT) 




TANK 
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Figure 13-11.—Torpedo being ejected from tube. 


admitting impulse air from the impulse flask 
into the air cylinder behind the air piston. 
The infulse air forces the ejection pump ram 
forward, and the ram forces the water in the 
plenum chamber through the slide valve ports 
into the after end of the torpedo tube. The 
incoming water forces the torpedo, and the 
water around it, outof the tube. And immediately 
after firing, the torpedo compensating valve 
is opened to admit sea water to the WRT so 
that the submarine may maintain itstrim. 


STERN TUBES 

The two tubes installed in the stern of 
the vessel are designated as the stern nest. 
Tubes in the stern nest are: 

Tube No. 7—starboard stern 
Tube No. 8—port stern 
Submarines of the SS 563 through 568 class 
have Mks 44 and 46 and Mods installed in them 
as stern tubes. The ejection mechanism has 
been eliminated from these tubes so that only 
self-launching weapons can be released from 
them. For the class SS 563 through 568, Tor- 
pedoes Mk 27 Mod 4 and the Mk 37 can be 
used. 


Stern tubes are simpler than the bow tubes. 
The operation of firing the stern tubes in¬ 
volves only (1) actuation of the torpedo stop 
mechanism which leaves the torpedo free to 
move; (2) interruption of leads supplying fire 
control information to the torpedo within the 
tube; and (3) delivery of an impulse to actuate 
the torpedo propulsion mechanism. 

Torpedoes released from stern tubes are 
designed to launch themselves by their own 
propulsive power. These torpedoes are 19 
inches in diameter, and are fitted with ribs at 
the top, bottom, and sides to centralize their 
cylindrical bodies in the tube bore. As the 
torpedo propels itself through the tube, sea 
water flows breechward through the space 
between the torpedo body and the tube bore to 
fili the volume swept by the moving torpedo. 

Basically the component parts of the Mk 44 
and Mk 46 tubes are the same as other tubes— 
barrel, breech door mechanism, muzzle door 
mechanism, torpedo stop mechanism, firing 
mechanism, and interlocking mechanism. And 
the parts have the same functions as in other 
tubes. Possibly the only difference is that the 
ejection mechanism has been eliminated. 

Figure 13-12 shows the torpedo propelling 
itself from the stern tube. As it leaves the 
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4.180 

Figure 13-12.—Torpedo being self-propelled 
from tube. 


tube it creates an empty space behind it. 
This space is immediately filled by sea water 
whieh rushes in through the space between the 
torpedo and the inner surface of the torpedo 
tube. It is for this reason that self-launching 
weapons are 19 inches in diameter, designed to 
permit a sufficient flow of sea water to pass 
in behind the torpedo. 

To reload the torpedo tube, the tube must 
be emptied of water. This may be done in one 
of two ways. 

1. By closing the muzzle door. Then open 
the tube blow and vent connection, the tube 
drain, and the WRT tankblow and vent connection. 

2. By blowing the water from the tube to 
the WRT tank. The same valves are opened as 
in number 1, but ship’s service air supply is 
admitte d to the tube through the tube blow and 
vent connection. After the tube is completely 
empty, the tube drain, blow, and vent connections 
are shut. The breech door may then be opened 
for reloading. 

MAINTENANCE 

Maintaining a tube in its best working 
order depends vpon your knowledge, skill and 
understanding of the construction and function 
of the tube. Possibly the most important parts 
of your job of maintenance will be lubrication 
and adjustments. 

Lubrication 

You should keep ali working parts clean 
and properly lubricated. Dry and clean such 
parts as the inside of the barrel monthly. But 
do not coat it with oil; this would resuit in 


an oil slick when the muzzle door is open. Do 
not oil electrical contacts. 

Be especially careful in selecting general 
lubricants, since some whieh are satisfactory 
for Steel will corrode bronze or other ma- 
terials, especially under salt and moisture 
conditions. Some oils thicken and harden, 
tum dark and lose their lubricating prop- 
erties when affected by salt and moisture. 

Inspect working parts at every opportunity 
to detect and remedy possible causes of failure. 
Examine the stop mechanism and interlocks for 
deformation and lost motion. Check to see that 
they operate properly. 

Adjustments 

Before you adjust any of the torpedo tube 
mechanisms, refer to the applicable drawings 
and specific instructions relating to the part 
to be adjusted. And after adjustments, check ali 
clearance to see that they are within the 
specified limits. 

During each overhaul, inspect rubber gaskets 
of drain valves, and replace them if they are 
worn or damaged. Keep the stuffing boxes 
on the drain and vent valves properly adjusted, 
and replace packing that has become unservice- 
able. Use the packing specification on the 
applicable drawing as called for by BuShips 
instructions. 

Keep electrical circuits clean, dry, and 
free from oil and grease. Lightly lubricate 
moving metal parts (except electrical contacts). 
Keep electrical contacts bright, unless they’re 
silver coated. And to ensure that the electrical 
interlock is not sticking in its "closed” position, 
manually exercise it at least once a week. In 
fact, each working part should be exercised at 
least once a week. and maintenance performed as 
the necessity arises. 

REFERENCES 

OP 1933 21-Inch Submerged Torpedo Tubes 
Marks 43 and 45 and Mods. 

OP 2068 21-Inch Submerged Torpedo Tubes 
Marks 44 and 46 and Mods. 

OP 2069 Torpedo Ejection Pump Mark 1 and 
Mods. 


210 


Digitized by 


Google 





Chapter 13- SUBMERGED TORPEDO TUBES 


QUIZ 


1. What marks of submerged tubes are used in 
the bow ne st of submarines 563 through 568 
class? What marks are used in the stern 
ne st? 

2. Expia in the difference in hydraulic ejection 
and pneumatic ejection. 

3. Give three advantages of hydraulic ejection 
over pneumatic ejection. 

4. What is the job of the compensating system? 


5. When loading a torpedo through the breech 
door, why is it important to open the tube 
vent? 

6. What is the main difference in the stern 
and bow tubes used on the submarines 563 
through 568 class? 

7. In torpedo tube maintenance, why is it 
important to choose the right lubricant? 

8. How often should ali working parts be 
exercised manually? 
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CHAPTER 14 

TORPEDO FIRE CONTROL 


SURFACE FIRE CONTROL 

To understand fire control you'll have to learn 
a lot of new words, their definitions, and the 
symbols that go along with them. Butthatis just 
a matter of patience and memory. The rest— 
the basic principle of fire control—is easy. 

The basic principle of fire control can be 
explained simply as the process of getting your 
weapon where it will do the most damage to the 
enemy. Here is an example that isoftenused to 
show the idea of fire control. Let’s assume 
that you are a small boy throwing snowballs at 
a moving truck. H you’re smart, you don’t 
throw them straight at the truck. Because the 
truck is moving, it will be gone before the 
snowballs get the re. So, instead of aiming 
at the truck, you aim at some point in front 
of it. If you’re lucky, the snowball and the 
truck will reach that point at the same time. 
And you'll get a hit. 

The torpedo fire control problem is similar 
to the snowball problem. But instead of throwing 
snowballs you’re firing torpedoes. Your target 
is an enemy ship, instead of a truck. Should 
you aim at the point where you see the target, 
you’ll miss. Before the torpedo can reach that 
point the enemy ship will be gone. Again you 
will have to aim at a point where the torpedo 
will do the most damage to the target. 

Figure 14-1 shows how the torpedo control 
problem compares with the snowball problem. 
hi both problems, the right solution depends on 
solving a triangle. Part A, of the figure 
represents the triangle of snowball fire control 
and part B represents the triangle of torpedo 
fire control. The angle between the torpedo 
track and the line of sight is the allowance you 
make for the movement of the target. And this 
sight angle is the solution to your problem. 

DEFINITIONS OF TORPEDO 
FIRE CONTROL TERMS 

We've already told you that in order to 
understand fire control you’11 have to learn a 


POINT OF 



Figure 14-1. —How the triangle of torpedo fire 
compares with snowballing a truck. 


number of fire control terms. The se fire control 
symbols and their definitions can be found in 
OP 1700, Vols. 1 and 2. WeTl list here most of 
those that apply to torpedo fire control, so that 
you may have them available for reference when 
you need them. There are a few terms that are 
peculiar to submarine fire control. We'11 list 
those under the discussion of submarine fire 
control. 


Symbol Term 

(None) . . FIRING 
POINT 


L.OS . . . UNE OF 
SIGHT. 


(None) . . POINT OF 
AIM. 


Definit ion 

The point where the tor¬ 
pedo begins its run. 
Broadly, it’s the posi- 
tion of own ship at the 
instant of firing. 

A straight line from the 
axis on which the tor¬ 
pedo director rotate sto 
the point of aim on the 
target. 

The point on the target 
that you intend to hit 
with the torpedo. 
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Symbol Term Definition 

(None). . TORPEDO The path of the torpedo 
TRACK. through the water. 

When you fire a torpedo 
with zero gyro angle, 
its path will be a 
straight line. When you 
fire with gyro angle, 
the path will be made up 
of two straight lines 
with an arc between 
them. After it*s fired 
from the tube, the tor¬ 
pedo will travel for a 
short distance in a 
straight line. This dis¬ 
tance is called the 
REACH. At the end of 
the reach, the torpedo 
will begin to turn 
through the angle you’ve 
set on its gyro. While 
it*s turning, its path is 
an arc of a circle. P fter 
it has turned through 
the gyro angle, it will 
again travel in a 
straight line. This final 
straight line is called 
the FINAL TRACK of 
the torpedo. 

Bt .TARGET The angle between the 

ANGLE. fore and aft axis of the 

target and the line of 
sight. It*s measured 
clockwise from the tar- 
get’s bow. 

B_.TRUE The angle between the 

TARGET north-south line and the 
BEARING. line of sight. It*s meas¬ 
ured clockwise from 
north. 

Bgy . . . . GYRO The angle between the 

ANGLE. axis of the torpedo tube 

and the final track of 
the torpedo. It*s meas¬ 
ured clockwise from the 
torpedo tube. 


Symbol Term Definition 

Br .... RELATIVE The angle between the 
TARGET fore-and-aft axis of own 
BEARING. ship and the line of 
sight. It's measured 
clockwise from ship's 
bow. 

Bto . . . . TORPEDO (A more accurate term 
COURSE. for this would be 

RELATIVE TORPEDO 
COURSE.) The angle 
between the fore-and- 
aft axis of own ship and 
the final track of the 
torpedo. It*s measured 
clockwise from own 
ship’s bow. 

Btr . . . . TRACK The angle between the 
ANGLE. fore-and-aft axis of the 

target and the final 
track of the torpedo. 
It*s measured clock¬ 
wise from the bow of 
the target. 

The angle between the 
fore-and-aft axis of 
own ship and the axis 
of the torpedo tube 
mount. It’s measured 
clockwise from own 
ship’s bow. 

Co .... OWN SHIPS The angle between the 
COURSE. north-south line and the 

fore-and-aft axis of own 
ship, measured clock¬ 
wise from north to own 
ship's bow. 

Ct.TARGET The angle between the 

COURSE. north- south line and the 
fore-and-aft axis ofthe 
target ship. It*s meas¬ 
ured clockwise from 
north to the target 
ship’s bow. 


Btu. . . . BASIC 
TUBE 
TRAIN. 
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Symbol Term 

Ds . . . . BASIC 
SIGHT 
ANGLE. 


Dsk. . . . COR- 

RECTED 

SIGHT 

ANGLE. 

G.GYRO 

ANGLE. 


H . TARGET 

RUN. 


Hqz. . . . RUN 

DEPTH 

ORDER. 


Kla . . . . LATITUDE 
CORREC- 
TION. 


Osi . . . . INTER- 
CEPT 
OFFSET. 


Definit ion 

The angle from the line 
of sight to the FINAL 
TRACK of the torpedo, 
measured clockwise 
from the line of sight. 

The basic sight angle 
with latitude correction 
and inter cept-offset 
correction applied. 

The computed angle be- 
tween axis of the tor¬ 
pedo tube and the final 
track of the torpedo left 
or right, taking into ac- 
count corrections for 
latitude, torpedo de- 
flection, own ship's 
turning rate and gyro 
uncaging time. 

The distance the target 
travels during the time 
of torpedo run. 

Final running depth of 
the torpedo, measured 
in feet below the sur- 
face of the water. 

A correction to the sight 
angle, to compensate 
for the creep of the tor¬ 
pedo gyro. The size of 
the correction depends 
on the latitude, the time 
of the torpedo run, and 
the balane e nut setting 
on the torpedo gyro. If 
the gyro is balanced 
for the latitude in which 
the torpedo is fired, 
the correction is zero. 

A change in the sight 
angle to allow for an 
expected change intar¬ 
get course or target 
speed during the tor¬ 
pedo run. 


Symbol Term 


R.RANGE 

So.OWNSHIP 

SPEED. 

St.TARGET 

SPEED. 


Ta . . . . TIME OF 

TORPEDO 

RUN. 


Tt. . . . . TIME OF 
TARGET 
RUN. 


Xt.TARGET 

DEFLEC- 

TION. 

Xto . . . . TORPEDO 
DEFLEC- 
TION. 


Definit ion 


The distance in yards, 
from own ship to target 
at any instant. 

Speed of own ship in 
knots. 

Speed of the target, in 
knots. 


The time betweenthe in¬ 
stant of firing and the 
instant the torpedo 
crosses the target track 
(when torpedo-speed 
correction is zero). 

The time betweenthe in¬ 
stant of firing and the 
instant the target 
crosses the torpedo 
track. 


The component of target 
speed at right anglesto 
the line of sight. 

The component of tor¬ 
pedo speed at right 
angle s to the line of 
sight. 


Q.SPREAD The angle between the 

ANGLE. final tracks of any two 
adjacent torpedoes 
fired in salvo from the 
same tube mount. 


Sto ... . TORPEDO 
SPEED. 


The average speed of the 
torpedo, in knots, from 
the instant of firing to 
the time it strikes the 
target. 


U.TORPEDO The actual distance, in 

RUN. yards, that the torpedo 

travels, from the end 
of the tube to the point 
where it crosses the 
target track. 
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TORPEDO DIRECTOR 

As we told you, the right solution to the 
fire control problem is based on solving a 
triangle. We could draw this triangle on 
paper and solve it by various mathematica! 
processes. Or, we could draw the triangle 
on paper and measure the angles with a 
protractor. But you have probably already 
reasoned that this would take too much time. 
Solving the triangle has to be done instantly 
and accurately. So, instead of drawing the 
triangle, you feed all the data into a me- 
chanical computer. On surface ships with 
trainable above-water tubes, the computer is a 
torpedo director. 

The torpedo director solves the triangle 
of torpedo fire, and finds the correct sight 
angle. It then determines the relative torpedo 
course. And it transmits electrical torpedo 
course orders and gyro orders to the torpedo 
course indicator at the tube mount. 

The torpedo directors used in the Fleet 
now are various modifications of the Mk 27. 
Figure 14-2 shows a front view of the direc¬ 
tor. 

Before the director can solve the torpedo 
problem you have to give it the necessary 
information, either electrically or by hand. 
The Mk 27 directors have two electrical 
inputs and 10 hand inputs. All of these parts 
are shown in figure 14-2. One of the two 
electrical inputs is OWN SHIP’S COURSE. (Co). 
It’s provided by the ship’s gyro compass 
system. The other is RELATIVE TARGET 
BEARING (Br) . This is received from the 
ship’s target designation or fire control Sys¬ 
tem. Target speed, torpedo speed, intercept 
offset, tube offset, target course, and latitude 
correction are introduced by handcrahks on 
the front of the director. These are always 
hand inputs. 

Should something go wrong with the torpedo 
director and it cannot be repaired, you can 
stili solve the fire control problem by using 
a tube sight. Figure 14-3 shows you what 
it looks like. The tube sight is less accu¬ 
rate than the director, but it will give good 
results if understood and operated correctly. 
The tube sight has no electrical inputs or 


outputs. By moving the bars and drums, you 
can set in the target speed, torpedo speed and 
target angle. 


TORPEDO COURSE INDICATOR 

As we told you, the director sends its 
solution electrically to the mount. The instru- 
ment that receives this solution is the torpedo 
course indicator. Figure 14-4 shows what it 
looks like. 

The indicator receives four inputs—two 
electrical and two mechanical. The electrical 
inputs, which come from the director, are 
torpedo course orders and gyro course orders. 
These inputs are shown by the pointers or bugs 
on the inner dials of the torpedo course and 
gyro angle groups. But you can't read the dials 
until you make the pointers match by putting in 
the proper mechanical inputs. And you make 
the mechanical inputs by training the tube 
mount and introducing gyro angle to the tor- 
pedoes. 

When the pointers on the torpedo course 
indicator are matched, the torpedoes will 
go to the point of intercept calculated by the 
director. 

At the director station, and at the tube 
mount, are panels containing the ready lights 
and firing lights. Figure 14-5 shows the panels 
for a quintuple mount. 

When the director operator is ready to 
fire, the talker turns the selector switch for 
the tube to be fired. The director operator 
closes the firing key on command of the tor¬ 
pedo control officer. At the same instant, 
the gyro angle setter at the tube mount fires 
the tube by percussion. This ensures that 
the tube will fire, even if the electrical cir- 
cuits fail. You repeat this procedure to fire 
each of the other tubes. 


TORPEDO FIRE CONTROL WITH 
FIXED AW TUBES 

Ships that have fixed above-water torpedo 
tubes have neither torpedo director nor torpedo 
tube sight. The fire control problem is solved 
by the underwater battery (UB) plot which is a 
part of the fire control system. Actually, you 
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Figure 14-2A. —Right front view of a Torpedo Director Mk 27 Mod 5. 4 . 1*2 
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Figure 14-2B. — Left front view of a Torpedo Director Mk 27 Mod 5. 
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Figure 14-3. —Tube Sight Mk 5-1. 


will have no part in solving this problem. Your 
main job will be to get your torpedo ciear of the 
ship. Sonar will do the rest. The underwater 
battery sonar personnel work directly with 
Combat Information Center personnel in an 
exchange of information and instructions. 

The fire control System that we shall dis- 
cuss and the one used on the above-water fixed 
tubes discussed in chapter 12, is the Mk 105 
system. The basic components of this System 
are an attack director, sonar equipment, and a 
stabilization computer. See figure 14-6. 

The attack director is an electromechanical 
analog computer using component solvers and 
related mechanical computing units and accept- 
ing synchro-transmitted and cranked-in inputs. 
The stabilization computer is an ele^trome- 
chanical computer which receives roll andpitch 
signals from a special pick-off in the ship’s 
gyrocompass or from a separate stable element 
in underwater battery (UB) plot. And the angle 
solver is electromechanical, like the attack 
director. 

The generated solution from the attack 
plotter goes to the angle solver which develops 
stabilized torpedo gyro angle (G^), run depth 
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Figure 14-4. —Torpedo course indicator. 

order ( Hqz —the depth at which the torpedo 
runs and begins its search pattern), and run 
order (Hvm), which determines how far the 
torpedo runs before its homing equipment is 
activated and it goes into its search pattern. 

How the Mk 105 Fire Control System Works 

An antisubmarine attack is one that requires 
a maximum amount of cooperation between the 
different stations. An ASW team includes under¬ 
water battery plot, the sonar control room, the 
conning station, CIC, and the u/w weapons 
stations. They are all connected by sound- 
powered telephones. 

When contact is made, it is plotted on the 
DRT board and evaluated by CIC, which informs 
ASW officer of the range, depth, and 

speed of the contact. The ASW officer de¬ 
cides whether to attack and if so, which weapon 
to use. The sonar operator keeps the sonar on 
the contact at all times. The attack director 
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Figure 14-5. — Qulntuple mount flring panels. 


operator sets up the director, sets the various 
inputs for the designated weapon, and feeds the 
computed data into the weapon, causing it to 
take its proper course to attack the target. 
CIC keeps track of the contact and suppiles the 
director operator with the initial target course 
and speed. 

The attack director operator and the sonar 
operator work closely together until a solution 
is achieved and so informs the conn and CIC. 
Conn steers the ship along the course as di- 
rected by the attack director and gives the order 
to fire when time to fire is zero. 


SUBMARINE FIRE CONTROL 

SUBMARINE FIRE CONTROL TERMS 

Most of the terms we use in submarine fire 
control are the same as those used in the sur- 
face problem. But here are a few that apply 
especially to the submarine torpedo control 
problem. 


Symbol Term Definition 

Ab. .... ANGL>E ON The angle between 


THE BOW. the line of sight 

and the fore-and- 
aft axis of the tar¬ 
get, measured 
from the target’s 
bow (fig. 14-7). 

U.TORPEDO The distance in 

RUN. yards covered by 

the torpedo, from 
the tube to the tar¬ 
get (fig. 14-8). 

H.TARGET RUN . The distance in 

yards covered by 
the target during 
the time of the tor¬ 
pedo run (fig. 
14-8). 

(None) . .DISTANCE The distance, in 

TO TRACK. yards, from the 

submarine to the 
target track meas¬ 
ured along a line at 
right angle s to the 
target track (fig. 
14-8). 

.OFFSET An arbitrary offset 

ANGLE. to the gyro angle, 

used to apply 
spread to a salvo 
of torpedoes. 

R_.RANGE . The distance, in 

yards, from sub¬ 
marine periscope 
to the target (fig. 
14-8). 

Sz .TORPEDO The uniform run- 

RUNNING ning speed of the 

SPEED. torpedo at proof 

depth, in knots. 
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C- TARGET COURSE 
C. - OWN COURSE 
C- GYRO ANGI E 

4.1 U 

Fi gure 14-7. — Submarine torpedo fire control 
symbols. 



Flgure 14-8. —Terms used tn submarine 
torpedo control. 


Symbol 

Term 

Definition 

Ta. . . . 

.TORPEDO 

The time, in sec- 


RUNNING 

onds, of torpedo 


TIME. 

travel from tube 



to target. 


SUB TO SURFACE 

In torpedo fire control on the surface, sight 
angle is the answer to the problem. Tube train 
and gyro angle combine to produce the correct 
sight angle. But when you fire a torpedo from 
a submarine at surface craft, tfie fire control 
problem is considerably different. The answer 
to submarine fire control is not sight angle, 
but gyro angle. The course that the torpedo 
will follow depends on only two things: own 
ship’s course, and the angle set on the torpedo 
gyro. 

Figure 14-9 illustrates this point. In part A 
of the figure, you have a submarine heading 
true north. It fires a torpedo from a bow tube, 
with a zero gyro angle. The torpedo’s course 
will be 000 degree. In part B, the submarine’s 
course is 200°, and a bow shot is set for 30° 
right. The torpedo will take a course of 230 
degrees. In part C of the illustration, the sub- 
marine’s course is 135 degrees. It fires a 
torpedo from a stem tube, with a gyro angle of 
40 ° left (which is 140° measured from the bow 
of the submarine). The true course of the 
torpedo is 275 degrees. As you can see, in all 
three examples own ship’s course plus gyro 
angle equals the torpedo course. 

Torpedo Data Computer 

The submarine fire control problem is even 
more complicated than the surface problem. It 
would be impossible to solve it in a reasonable 
time without the help of a mechanical computer. 
The machine that solves the problem, and comes 
up with the gyro angle we need to score a hit, 
is called the Torpedo Data Computer, or TDC. 
The torpedo data computers now in use on 
many fleet submarines are the Mk 4 modifica- 
tions (fig. 14-10). 

Chances are that you won’t have to operate 
the TDC, but we'll teli you briefly what it is 
like. Most likely fire control or sonar personnel 
will operate it. As you can see in figure 14-10, 
the TDC is made up of three sections. The 
middle section is the RECEIVER. It receives 
all the inputs. Two of these inputs are electri- 
cal. Own course comes from the boat's gyro 
compass system, and own speed comes from the 
pitometer log. All the other inputs are manual. 

The right-hand section is the ANGLE 
SOL VER. It takes all the information that's 
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FI gure 14-9. — Own course and gyro angle 
determine the torpedo course. 

put into the receiver, fits this Information into 
trigonometric equations, solves the equations, 
and produces the correct gyro angle. There are 
actually two separate angle solvers—one for the 
bow tubes and one for the sterntubes. The TDC 
transmits the correct gyro angle electricaUy 
to the two torpedo Controls. 

The information we put into the receiver 
does not go directly to the angle solvers. It 
goes first to the left-hand side of the com¬ 
puter—the POSITION KEEPER. On a destroyer 
you can keep the director telescope trained on 
the target. But you can’t do thaton a submarine. 
You make a quick observation through the 
periscope. And then you pull the periscope down, 
before the enemy has a chance to see it. While 
the periscope is down, you receive range and 
bearing from sonar. Iliis information is fed 
into the position keeper. 

From the information you put into the re¬ 
ceiver, the position keeper constantly calculate s 
the present position of own ship and the target 
ship. And it constantly changes the inputstothe 
angle solver. Thus the angle solver can produce 
a constantly changing, and always correct gyro 
angle. 


Gyro Angle Indicator-Regulator 

In each of the two torpedo rooms, the instru- 
ment that receives the gyro angle from the TDC 
is the GYRO ANGLE INDICATOR-REGULATOR. 
If you’re assigned to a submarine, operatingthe 
indicator-regulator may be your job. It’s an 
easy job, but it requires careful attention. 
Figure 14-11 gives you an idea of what the 
indicator-regulator looks like. 

The indicator-regulator, through a system of 
shafts, sets the gyro angles on all the torpedoes 
in the nest. And it shows the gyro angle on its 
dials. In normal operation, the indicator- 
regulator works automatically, with an electric 
motor supplying the power. K the electric Sys¬ 
tem fails, you can switch to manual operation. 

You can set the instrument for either auto- 
matic or manual operation by turning the SHIFT 
LEVER (sometimes called the gear shift lever, 
or selector lever). It’s labeled in figure 14-11. 
The left position of the lever is marked HAND. 
The right position is marked MOTOR or AUTO, 
depending on the mark and mod of the instru¬ 
ment. 

Figure 14-12 shows the dials of the indicator- 
regulator. There are two groups of two dials 
each. The inner dial of each group is marked 
with a pointer, or "bug.” The outer dial of the 
left-hand group is graduated in 5° units, and 
numbered every 10°. The outer dial of the 
right-hand group is marked in units of 10* , and 
numbered in units of 1°, through a total of 10 °. 
You use the left-hand dial for a coarse, or 
approximate, reading of the gyro angle. The 
right-hand (or fine) dial gives you an exact 
reading. Read both dials against the fixed index 
marks between the dials. 

The two inner dials indicate the gyro angle 
sent down by the TDC. Each time the TDC 
changes the angle, the inner dials will tum. 
When the zero marks on the outer dials match 
the pointers on the inner dials, the correct 
gyro angle has been set on all the torpedoes in 
the nest. 

For automatic operation of the indicator- 
regulator, you have only three things to do: 

1. Tum on the starting switch. 

2. Tum the selector switch to MOTOR (or 
AUTO). 

3. Watch the dials to see that the inner bugs 
match the zero marks of the outer dials. 


222 


Digitized by 


Google 




Chapter 14-TORPEDO FIRE CONTROL 



POSITION KEEPER 


RECEIVER 


ANGLE SOLVERS 


Figure 14-10. —Torpedo Data Computer Mk 4 type. 


If the power fails, and you have to operate 
the indicator-regulator by hand, follow the se 
steps: 

1. Turn the starting switch to ON. 

2. Move the shift lever to the HAND position. 

3. Turn the handcranks until the bugs are 
matched with the zero pointers. 

4. As new gyro orders come down from the 
TDC, the bugs will move. Turn the handcranks 
to keep the zero pointers matched with them. 


5. When the bugs and pointers are matched, 
and as long as they stay matched (or within 20' 
of each other), squeeze the trigger on the right 
handcrank. 

Submarine Salvo Fire 

As we've told you, the indicator-regulator 
sets the gyro angle on ali the torpedoes in the 
nest. At any given moment, all the torpedoes 
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Figure 14-11.—Gyro angle indicator- 
regu lator. 


will have the same gyro setting. Usually, when 
a submarine fires a salvo of torpedoes, each 
one will be fired with a different gyro angle. 
Because the target will be moving while you 
fire your torpedoes, each torpedo must follow 
a different course in order to hit. This is true 
even if all the torpedoes are aimed at the same 
point on the target. 

Since the TDC solves the fire control prob- 
lem continuously, each torpedo will have the 
proper gyro setting at the instant it’s fired. 

When a submarine fires a salvo withspread, 
the TDC will automatically add the spread angle 
to the gyro angle after each shot. If you're 
operating the indicator-regulator by hand, you’11 
have to pay very careful attention at this point. 
After each torpedo is fired, the re will be a 
small but rapid change in the position of the 
bugs. Get the pointers matched again as 
quickly as possible. 

SUB TO SUB 

The submarine is itself an effective anti- 
submarine vehicle. It operates in the same 
medium with and shares the targeUsadvantages 
and disadvantages of concealment and passive 
detection. The sub, like the target submarine, 
can go deep enough to escape the effects of 
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Figure 14-12.—Dials of the gyro angle indicator-regulator. 

224 


Digitized by v^.ooQle 











Chapter 14-TORPEDO FIRE CONTROL 


surface waves and winds. It can hover silent 
and motionless for long-range passive listening. 

The problem for submarine to submarine 
warfare is entirely different from that of 
submarine to surface craft. It involves such 
things as own ship’s depth, bearing, course, 
location, and speed; depth bearing, course, 
location and speed of target ship; type and 
enabling range of weapon. The fundamental 
principle of all types of fire control, however, 
is the same — getting the weapon where it can 
do most da mage to the target. 

The TDC is stili the core of the fire control 
system. That is, it makes all the computations 
and feeds them to the proper destination. 


REFERENCES 


OP 1169, Gyro Setting Indicator Regulator 
Mk 1 Mods 0, 1, 2, and 3. 

OP 1442, Torpedo Data Computer Mk 4 and 
Mods. 

OP 1586, Torpedo Fire Control Equipment 
(Destroyer Type); Torpedo Director MK 
27. 

OP 1700, Volumes 1 and 2, Standard Fire 
Control Symbols. 


QUIZ 


1. What three lines make up the triangle of 
torpedo fire? 

2. In torpedo fire control on a surface ship 
which part of the triangle is the answer to 
the problem? 

3. Why do we use a mechanical computer to 
solve the torpedo control problem? 

4. What is the name ofthe computer that solves 
the torpedo fire control problem on surface 
ships? 

5. Name the two electrical inputs to the Mk27 
director. 


6. What information must always be put into 
the director by hand? 

7. Name the two electrical outputs of the tor¬ 
pedo director. Where are these outputs 
sent? 

8. In submarine fire control, what is the 
answer to the problem? 

9. What machine is used to solve the sub¬ 
marine fire control problem? 

10. What is the indicator-regulator used for? 
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CHAPTER 15 

DEPTH CHARGES 


INTRODUCTION 

Depth charges are antisubmarine weapons. 
They are thin-walled containers filled with a 
heavy charge of explosive and designed to ex¬ 
plode at a predetermined timeorby the actlon of 
an influence mechanism. Most depth charges in 
present use have a teardrop shape, tailfins, and 
a weighted nose to increasesinkingrate. Figure 
15-1 shows you what the Mk9 depth charges look 
like. Part A of the figure represents Mods 2 and 
3. Part B represents Mod 4. It differs from the 
Mod 3 in having a stronger nose ring and heavier 
support brackets. The nose ring was strength- 
ened to prevent the ring from breaking in the 
rack and while handling, which makes the charge 
easier to handle and to launch from a release 
track. Depth charges arecarriedondestroyers, 
destroyer escorts, subchasers, PT boats, and 
any other vessel likely to engage submarines. 

We can launch a depth charge in either of two 
ways: We can roll it off a track at the stem of 
the ship, or we canfire it from a projector at the 
side of the ship. The projector is a simple gun 
that fires the depth charge at ranges up to 150 
yards, depending on the size of the propellant 
charge. 

When a depth charge strikes the water, it 
sinks under its own weight. The rate at which it 
sinks increases quickly, until the water resist- 
ance just balances the force of gravity. But 
after that it sinks at a constant rate, called the 
terminal velocity. The terminal velocity differs 
with the type of depth charge, depending on size, 
shape, and weight. (Because a charge that’s 
fired from a projector strikes the water at a 
speed greater than the terminal velocity, it sinks 
at a constant speed from the very beginning.) 

We already told you that depth charges have a 
main charge of high explosive. This explosive is 
about 200 pounds of TNTorHBX. And the device 
that fires the main charge is the PISTOL. Depth 
charge pistols are of two types. One, the more 
common type, is the hydrostatic pistol. It is 




A. Mod 2 or Mod 3 

B. Mod 4 

Figure 15-1. — Mk 9 depth charges. 

fired by water pressure. You already know that 
the deeper the depth charge sinks in the water, 
the higher will be pressure of water around it. 
Within a certain range (which dependson the type 
of pistol), you can set the pistol to fire at any 
desired depth. When the charge sinks to the 
depth you've set on its pistol, water pressure will 
operate the hydrostatic mechanism and explode 
the main charge. 

The other type is the influence pistol. It de- 
pends on water pressure only for arming. When 
the depth charge comes within a certain distance 
of the submarine, the influence pistol will ex¬ 
plode the charge automatically, regardless of 
depth. The influence pistols are used in the 
classified depth charges andcannotbediscussed 
fully in this course. 

As you know, an underwater explosion can do 
more damage than an above-water explosion of 
the same power. And a submarine can’t carry 
heavy armor. These two facts make a submarine 
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easier to kill thanasurfaceship. Amodern sub- 
marine is so strong that you can’t be sure of a 
kill unless the depth charge explodes within about 
20 feet of it. A more distant explosion may do 
some damage, so that the sub may be unable to 
maneuver. That will make your second attack 
easier. But to do lethal damage, you must place 
a depth charge close enough to rupture the pres¬ 
sure hull of the submarine, and flood one or 
more of its compartments. 

It is difficult to obtain a direct hitwith depth 
charges, because the exact position of the sub¬ 
marine usually is not known. Because of this, 
generally several charges a,re released in rapid 
succession to form a pattern in depth and length, 
and thus increase the probability of destroying 
the submarine. The pattern is obtainedbyfiring 
charges from K-guns and dropping charges from 
release racks on the stem with appropriate depth 
settings made on the depth charges before 
launching. When depth charges are being 
dropped, care must be taken that the ship is 
making enough speed to be out of the way of the 
violent effectproduced. Computation of the speed 
necessary is considered a part of the antisub- 
marine fire control problem. 


ANTISUBMARINE ATTACK 

Your first contact with an enemy submarine 
will probably be through your ship’ssonar. Dur- 
ing wartime, and incertainwatersduringpeace- 
time, destroyers 'keep a 24-hour sonar watch. 
The Sonarman "searches” the area around the 
ship by sending out pings of high-frequency 
sound, and listening forechoes. When the Sonar¬ 
man reports a submarine contact, general 
quarters will be sounded, and you’11 report to 
your battle station. This may be at one of the 
depth charge stations, although it’s more likely to 
be at the torpedo tubes or the torpedo director. 

H a submarine is your only contact, with no 
other kind of action likely, you may be ordered 
from your usual station at the tubes or director 
to one of the depth charge stations. Two other 
ratings—Gunner’s Mates and Minemen—are just 
as capable of handling the depth charges as Tor- 
pedoman’s Mates. Your duties duringan antisub- 
marine attack will depend on the type of ship, 
and on the immediate situation. You may man 
the tracks at the stern of the ship, or one of the 
projector stations at the sides of the ship. Or 


you may be a member of the party that reloads 
the projectors after they’re fired. 

From the sonar reports, your ship’s conning 
officer can get a lot of Information about the 
enemy submarine. Under favorable conditions, 
he can make a fairly accurate estimate of its 
range, bearing, course, and speed. He may even 
be able to make a rough estimate of how deep it 
is in the water. With this information, he willbe 
able to plan the attack. 

Unless the submarine is standing stili, you 
can’t expect to damage it by dropping depth 
charges directly above it. By the time the 
charges sink to the proper depth, the submarine 
will have moved away. If the depth charges are 
to do any damage, the charges and the submarine 
must reach the same point at the same time. So, 
you drop the depth charges at some point ahead 
of the submarine. 

Part A of figure 15-2 shows the attacking ship 
approaching the submarine headon. It must drop 
its depth charge BEFORE it passes over the 
submarine, so that they will have time to sink 
to the proper depth. Part B of the illustration 
shows the attacking ship overtaking the subma¬ 
rine from astem. It must wait until AFTER it 
has passed over the submarine before it drops 
its depth charges. Of course both of these at- 
tacks are unusual cases. They are unusual be¬ 
cause the enemy submarine has it own sonar 
System. The enemy knows your bearing, range, 
course, and speed. The captain will ne ver steer 
his submarine alongyour ship’s course, as shown 
in figure 15-2. Instead he’ll evade it, as shown 
in figure 15-3, in an effort to escape your attack. 

For that reason, the attacking ship will 
usually maneuver to cross the target track a 
short distance ahead of the target as in figure 
15-4. The depth charge pattern is then sobroad 
that the submarine can’t tum fast enough to 
escape it. 

TYRES OF DEPTH CHARGES 

Basically the re are two types of depth 
charges—the ASHCAN and the TEARDROP. The 
ashcan represents the earliest type of depth 
charge; it is obsolescent. The old Mk 6 and 
the Mk 8 are of the ashcan type. Actually you will 
not have any dealing with the ashcan type other 
than an occasionalusefortrainingpurposes. But 
the Navy hasafewofthemonhand, and it may be 
forced to use them in an emergency. 
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Figure 15-2. — Depth charges are dropped 
ahead of submarine. 


The Mk 9 depth charge, shown in figure 15-1, 
is typical of the depth charges in present use 
in the Fleet. It has a streamlined, teardrop 
shape. And teardrop charges, because of their 
shape and their tail fins, sink faster and 
straighter than the ashcan type. 

As we told you, most of the newer depth 
charges are using the influence mechanism for 
detonation, thus making them confidential. 
Chances are you may have toworkonthem also, 
but if you do, you will be given special instruc- 
tions. But for security reasons we cannot dis- 
cuss confidential depth charges in this course. 



Figure 15-3. —Submarine evading 
a depth charge attack. 


/' 

* 
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Figure 15-4. —Submarine trapped by 
a depth charge attack. 


INSIDE THE DEPTH CHARGE 

A hollow tube passes through the center of 
all depth charges. In the old Mk 8 depth charge, 
this tube contained most of the armingandfiring 
mechanisms. But in all other marks, the Central 
tube holds all of these mechanisms. Figure 15-5 
shows a cross section of a Mk 9 Mod 3 depth 
charge. The shaded area at the nose end of the 
charge (fig. 15-5) represents the weight that 
surrounds the Central tube. Except for the Cen¬ 
tral tube, the rest of the casingisfiUed with the 
main charge of cast TNT or HBX. The nose end 
of the Central tube houses the pistol; the tail end 
holds the booster and booster extender. 

The pistol corresponds to the exploder of a 
torpedo. The booster has the same function as 
the booster in a torpedo warhead. It’s a link in 
the explosive Chain, between the detonator and the 
main charge. The booster extender is the arming 
mechanism of the depth charge. It arms the 
charge by moving the booster downwarduntil the 
cavity in its lower end encloses the detonator. 


WORKING PARTS OF THE 
DEPTH CHARGE 

By working parts, we mean the pistol and the 
booster extender. 

Before it’s launched, the depth charge isun- 
armed. The main charge will not explode, even 
if the pistol goes off accidentally. But the depth 
charge must be completely armed before it 
reaches the submarine’s depth. For that reason, 
the arming action has to be fast. 

In the hydrostatic depth charge, water pres¬ 
sure provides the force for the arming action. 
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During this action, the detonator remains sta- 
tionary near the middle of the Central tube. 
The booster moves inboard until its cavlty sur- 
rounds the detonator. Then, when the depth 
charge reaches the depth you have set on the 
pistol, a firing pin snaps into the detonator. The 
detonator fires the booster, which in tum fires 
the main charge. 

Booster and Booster Extender 

The booster is a metal can filled with granu- 
lar TNT. As in the torpedo, the booster is the 
middle link in the explosive chain. The booster 
extender is a hydrostatic device that arms the 
depth charge by moving the booster inboard, to- 
ward the detonator. Figure 15-6 shows anoutside 
view, and a cross section, of Booster Extender 
Mk 6 Mod 2. As we describe it, find the parts in 
the drawing. 

The booster extender is providedwithaflex- 
ible, watertight metal bellows. The bellows en- 
closes the working parts of the extender mecha- 
nism. At its outboard end, the bellows is sealed 
to the inner side of the flange. 

The piston is attached to the bellows at its 
inboard end. At the inboard end of the extender 
is a connecting collar. This collar secures the 
booster on the extender, and serves to hold the 
bellows retainer in place. 

Secured to the inner surface of the piston 
is the spindle, which extends outward through a 
bushing in the center of the flange. The outboard 
end of the spindle has a slight taper. The safety 
fork fits on a groove around the outer end of the 
spindle. As long as the safety fork is in place, 
the spindle forms a watertight seal in the bushing, 
and no water can enter the bellows. 

An extender sleeve is secured to the inner 
side of the spindle guide. Between the spindle 
guide and the spindle is a locking slide, which 
houses three locking balls. As long as the depth 
charge is unarmed, these balls fit in a groove in 
the spindle, and lock the slide and spindle 
together. 

The extender spring supplies most of the 
mechanism’s resistance to water pressure. The 
bellows itself supplies only a small resistance. 

OPERATION OF THE BOOSTER EX¬ 
TENDER.—As long as the safety fork is in place, 
it holds the booster extender in its safe condition. 
No water can enter the bellows. The safety fork 


is removed during launching, or just before 
launching. 

When the fork comes off, the bellows expands 
inboard about a quarter of an inch, drawing the 
spindle with it. (The groove that houses the 
locking balls is long enough to permit this much 
expansion.) Now the thinner part of the spindle 
is in the spindle bushing, and the spindle no 
longer forms a watertight seal. As soon as the 
depth charge is submerged, water flows between 
the spindle and the bushing, and begins to fili 
the bellows. 

As the depth charge sinks, water pressure 
forces the bellows to expand. The piston (at¬ 
tached to the bellows) and the spindle (attached 
to the piston) both move inward. The locking 
slide moves along with the spindle, since the two 
are locked together by the locking balls. The 
extender spring resists the motion of all these 
parts. The depth charge can't arm until the water 
pressure is strong enough toovercometheforce 
of the spring. 

As water pressure increases, the spindle 
carries the locking balls into the enlarged part 
of the spindle guide. The balls fall out into the 
guide. The spindle is then free from the locking 
slide, and from the resistance of the extender 
spring. Now there’s nothing but the bellows 
to resist the inward movementof the piston. The 
piston quickly carries the booster inward until it 
surrounds the detonator. 

In the older Mk 6 extenders (Mods 0 and 1), 
the piston moves inboard until the booster comes 
to rest against the detonator flange. hi the im- 
proved Mk 6 Mod 2, the locking balls engage the 
shoulder at the large diameter of the spindle, and 
stop the piston movement when the booster is 
about a tenthof an inch from the detonator flange. 
In all mods, the depth charge is armedwhen the 
booster comes to rest with its cavity surrounding 
the detonator. 

Of course the booster extender can’tfunction 
at all unless the safety fork is removed. To keep 
water from getting into the bellows by accident, 
we must leave the safety fork in place as long as 
possible before launching. 

When you launch a depth charge from a pro¬ 
jector, or from one of the smaller tracks, you 
remove the plain safety fork with a HAND LAN- 
YARD just before launching. H the order to 
launch is revoked, you pull the spindle out again 
and replace the safety fork. The larger tracks 
remove the fork automatically at the instant of 
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launching. After you load the depth charge on the 
track, you remove the plain safety fork and re- 
place it with a KNOBBED SAFETY FORK (fig. 
15-6). A wipiiig piate on the track removes the 
knobbed safety fork during launching. 



Figure 15-5. — Sectional view of a Mk 9 
Mod 3 depth charge. 


Pistol 

Figure 15-7 is an outside view of a hydro- 
static depth charge pistol. Like the booster ex- 
tender, it’s operated by water pressure. But 
the booster extender has no adjustment feature; 
the arming depth depends only on the type of ex¬ 
tender. By turning a pointer on the pistol, you can 
set the depth at which it will fire. As you can 
imagine, the pistol is amore complicated mecha- 
nism than the extender. 


In this chapter we will describe the Mk 6 Mod 
2 pistol. It can be set to fire at depths as great 
as 1,000 feet, which makes it useful against the 
newest submarines. The earlier Mk 6 pistols 
(Mod 0 for depths to 300 feet, and Mod 1 for 
depths to 600 feet) are sometimes usedintrain- 
ing. After you’ve studied the Mod 2, you’ll find 
the earlier mods easy to understand. 

Ali depth charge pistols are shipped and 
stowed with plain safety covers over their water 
inlets. Before you launch a depth charge from a 
projector, or a small track, take off the safety 
cover by hand. When you load a charge on a 
large track, remove the plain safety cover and 
replace it with a knobbed cover. The knobbed 
cover, like the knobbed safety fork on the booster 
extender, will be wiped off automatically during 
launching. 

Figure 15-8 shows a cross section of a depth 
charge pistol. It’s drawn with the opening at the 
bottom, because the pistol is in that position 
when it's in a sinking teardrop charge. During 
assembly, the flange at the noseendofthe pistol 
is secured to the depth charge casing by eight 
screws. On the nose end are two scales, each 
with an index pointer. The position of these 
pointers determines the depth at which the charge 
will fire. Inside the nose is the deep-firing 
mechanism. 

The pistol, like the booster extender, has a 
flexible metal bellows. The tubular bellows ex- 
tension, at the lower edge of the bellows, is 
screwed to the nose flange. At its upper edge, 
the bellows forms a watertight seal with the disc 
of the hydrostatic piston. 

Above the bellows, the pistol casing tapersto 
form a guide tube for the firing plunger and its 
related parts. The centering flange, at the in- 
board end of the guide tube, keeps the pistol 
properly aligned in the Central tube of the depth 
charge. The detonator is secured near the in- 
board end of the pistol, and projects through the 
centering flange. 

SHALLOW FIRING.-For shallow firing-at 
depths up to 300 feet—you set the deep-firing 
mechanism (fig. 15-9) to stay open. Water can 
then flow into the pistol as soon as the depth 
charge is submerged. For a shallow setting, you 
use the OUTER scale on the nose of the pistol. 
(We’11 give you the details later.) 

When you move the index pointer on the outer 
scale, it turns the depth-setting sleeve (fig. 
15-8). This sleeve is free to tum, but it can’t 
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A. Exterior 

B. Cross section 

Figure 15-6. —Booster Extender Mk 6. 


move up or down. Its inner surface is threaded, 
and mates with the adjusting bushing. The bush- 
ing is keyed to the hydrostatic piston stem, so 
that it can move up and down but can't turn. 

Inside the adjusting bushing is the heavy 
depth-setting spring. When the adjusting bush¬ 
ing moves down, it compresses the spring. The 
more the spring is compressed, the more resist- 
ance it offers to any movement of the hydro- 
statically operated parts, and the more water 
pressure you need to produce a given amount of 


movement. As a resuit, moving the adjusting 
bushing down increases the depth at which the 
pistol will fire. 

When the bushing moves up, it takes some of 
the pressure off the spring. The spring then 
offers less resistance, and the firing depth is 
decreased. (At the 30-foot setting the spring has 
free play inside the bushing, and offers no re¬ 
sistance at all. At this depth only the smaller 
springs, and the bellows itself, resist the water 
pressure and delay the firing.) 
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Figure 15-7. —Outside view of a depth charge 
pistol. 


Take another look at figure 15-8 to see how 
the depth-setting spring is related to the other 
working parts. The stem of the hydrostatic piston 
extends downward through the depth-setting 
spring, and ends in a spring-engaging collar. 
The piston, you remember, is sealedto theupper 
edge of the bellows. Whenthebellowsexpands, it 
carries the piston, the piston stem, and the 
spring-engaging collar along with it. 

Except at very shallow settings, the depth- 
setting spring is gradually compressed between 
the spring-engaging collar and the adjusting 
bushing. The hydrostatic piston and its related 
parts must overcome the resistance of the depth- 
setting spring as they move upward. 

Inside the upper end of the hydrostatic piston 
stem is a FIRING SPRING that bears againstthe 
FIRING PLUNGER. The firing plunger moves in 
its own bushing inside the guide tube. The firing 
plunger is hollow. It houses the release plunger. 
The stem of the release plunger extends down¬ 
ward through the end of the firing plunger, and 
most of this extending part has a reduced di¬ 


ameter. A small spring separates the upper end 
of the release plunger from the firing pin. 

Fitted in the firing plunger are three locking 
balls. These balls keep the firing plunger from 
driving the firing pin into the detonator. They 
stay in place as long as the thicker part of the 
release plunger holds them there. 

As the depth charge sinks, water enters the 
bellows and expands it. The hydrostatic piston 
moves upward, compressing the firing spring, 
the release plunger springs, and (except at very 
shallow settings) the depth spring. As the water 
pressure increases, the thin part of the release 
plunger stem moves opposite the locking balls. 
The balls thenslipoutof place. The firing spring 
snaps the firing pin into the detonator and fires it. 

Deep-Firing Mechanism 

The old Mk 6 Mod 0 depth charge pistol has 
no deep-firing mechanism. Ithasonlyone setting 
dial, very much like the outer dial of the Mod 2 
pistol. Its maximum firing depth is 300 feet. 
The deep-firing mechanism of the Mk 6 Mod 1 
pistol can be set for depths up to 600 feet, and 
that of the Mod 2 for depths up to 1,000 feet. 

For shallow firing, you set the deep-firing 
mechanism so that it will admit water to the 
bellows as soon as the depth charge is sub- 
merged. The dotted lines in figure 15-9 Show 
how water flows through the deep-firing mecha¬ 
nism and filis the bellows. 

The deep-firing mechanism fits in its own 
housing, which screws into the nose end of the 
pistol. Its main working parts are the ball 
valve, the adjustable valve se at, and the valve 
stem. For depth settings of 350 feet or more, 
the ball valve is tightly seated. No water can 
enter the bellows until the water pressure is 
great enough to overcome the resistance of the 
spring-loaded stem, and unseat the ball. 

The head of the valve seat forms the inner 
index pointer. The pointer is slotted; you make 
the setting by turning it with a screwdriver. 
By turning the pointer clockwise off the 0 TO 300 
sector, you screw the valve seat inward. The 
valve seat pushes the ball against the stem and 
compresses the valve spring. Compressing the 
spring increases its resistance to hydrostatic 
pressure, and increases the firing depth. 

Parts A and B of figure 15-10 show the re- 
lationship between the inner pointer and its dial. 
For shallow firing, you set the pointer of the 
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Figure 15-8. —Cross section of a depth charge pistol. 
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Figure 15-9. —Deep-firing mechanism in a 
Mk 6 Mod 2 pistol. 

deep-firing mechanism at the 0 TO 300 mark. 
At this setting, a retainer nut limits the move- 
ment of the valve stem, providing a clearance 
for water entry between the ball and seat. 
Setting a depth charge pistol takes only a few 
simple steps. But you must follow the se steps 
carefully. If you fail to follow the directions, 
you may turn the depth charge into a serious 
hazard to your own ship. This is especially 
true during stormy weather or during combat, 
when you’11 have very little chance to correct 
your mistakes. 

Always leave the safety cover in place until 
the last practicable instant before firing. A 
hydrostatic pistol that admits water accidentally 
is a serious threat to your ship and its crew. 
Another dangerous threat is a depth charge pistol 
that's carelessly set for deep firing when the 
target is in shallow water. This pistol will be a 
dud, and the depth charge will lie on the bottom 
like a mine. Eventually, corrosion will letwater 
seep in through the deep-firing mechanism. And 
the charge will explode on some unpredictable 
future date. 

For SHALLOW settings (upto 300 feet) follow 
these steps: 

1. Take off the safety cover. 

2. Make sure the inner (deep-firing) pointer 
is set at 0 TO 300, so that the charge will sub¬ 
merge with its water inlet open. If the pointer 
isn't properly set, turn it COUNTERCLOCK- 
WISE to the 0 TO 300 position. Use a screw- 


driver, or the screwdriver end of the depth- 
setting wrench. 

3. Put the safety cover back on. 

4. If the outer index pointer is locked at 
SAFE, remove the lock. 

5. If you find the index pointer on 30, move 
it CLOCKWISE to the ordered setting. If you find 
it on SAFE, move it COUNTERCLOCKWISE to 
the ordered setting. Remember this: You must 
NE VER try to turn the pointer through the small 
sector between SAFE and 30, even if this is the 
shortest way to the setting you want. When the 
piston is assembled to a depth charge, there is a 
stop pin in the sector between SAFE and 30. 
This pin keeps you from injuring the working 
parts of the pistol by turning the pointer too far. 
If you try to turn the pointer between SAFE and 
30, you may shear the pin. 

If you shear the pin, you^ldestroy theproper 
relationship between the adjusting bushing and 
the -depth-setting sleeve. Any depth setting you 
make after that will be very unreliable. The 
pistol may even fire while you're working on it. 
(To protect the stop pin, a wrench stop (fig. 
15-11) is put on the flange at the 200-foot setting 
when the pistol is assembled to the depth charge.) 

For DEEP settings, follow these steps: 

1. If the safety lock is in place on the outer 
pointer, take it off. 

2. Using the depth-setting wrench, move the 
outer pointer to 100. (Remember to move it 
clockwise if you find it set at 30, but counter- 
clockwise if you find it set at SAFE.) 

3. Take off the safety cover. 

4. Using a screwdriver or the screwdriver 
end of the depth-setting wrench, turn the deep- 
firing pointer clockwise from the OTO 300 mark 
to the ordered setting. If you find the pointer 
set for a depth greater than the one ordered, be 
sure you turn it counterclockwise back to the 
ordered setting. 

5. Put the safety cover back on. 

SAFETY FEATURES 

Figure 15-11 points out some of the safety 
features of the depth charge. 

To keep water from getting into the hydro¬ 
static mechanisms by accident, the booster ex¬ 
tende r has a safety fork and the pistol has a 
safety cover. A plain fork and cover stay in 
place during shipment and stowage, and as long 
as feasible before launching. Just before you 
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Figure 15-10. —Setting a depth charge pistol. 
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Figure 15-11. —Safety features of a current depth charge. 
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launch a depth charge from a projector, or from 
one of the small, letter-designated tracks, you 
remove the plain safety fork and cover by hand. 
Don’t put them back unless the order to launch 
is revoked. 

While you’re making a charge ready for 
launching from one of the larger tracks, you re¬ 
move the plain fork andreplaceitwitha knobbed 
fork; you remove the plain safety cover and re- 
place it with a knobbed cover. Wiping plates 
on the track will strip off the knobbed fork and 
break the knob from the safety cover when you 
launch the charges. 

A stop pin keeps you from turning the index 
pointer through the area between SAFE and 30. 
Opposite the stop pin is a wrench stop that 
serves the same purpose. 

Under many stowage conditions the safe- 
setting lock is used to hold the index pointer at 
SAFE. This lock keeps the pointer from being 
moved accidentally. It’s a simple metal piate, 
with a round hole at one end and a square hole 
at the other. Before you mount the lock, be sure 
the index pointer is on SAFE. Then put the cap- 
screw of the 30 dialmark through the round hole. 
Engage the pointer in the square hole, and tighten 
the capscrew. 

Before the safety lock was designed, itwasa 
common practice to lock the pointer on SAFE with 
a length of No. 19 copper wire. You can stili 
use wire for a substitute safety lock. Weave the 
wire through the hole in the index lug and the 
wrench stop, as shown by the dotted line in 
figure 15-11. 

TESTING HYDROSTATIC MECHANISMS 

If you are assigned to a tender or a shore 
activity, you may have to test the hydrostats 
used in depth charges. You can use the Mk 2 
Mod 1 test setindisassembling, assembling, and 
testing pistols and booster extenders. You will 
use a more complicated test set—the Mk 3 
Mod 0—for complete functional testing of the 
hydrostats. OP 747 describes and illustrates 
both these test sets, and telis you how to use 
them. 

DEPTH CHARGE STOWAGE 

Depth charges, like torpedo warheads, are 
bomb-type ammunition. When depth charges are 
stowed in magazines or lockers, they musthave 


a gasket and metal shipping cover at each end 
of their Central tubes. .The cases must be in- 
spected for cleanliness and general condition at 
least once a month. Since some charges are 
filled with cast TNT, you’U have to look care- 
fuUy for exudate. Remove any exudate you find, 
following the safety precautions we will give you 
in chapter 19. 

Teardrop charges must be handled and stowed 
with care, to keep the rings from getting dented. 
(A teardrop charge with a dented ring can’t be 
launched from a track.) The shipping crates 
should be left on the charges during magazine 
stowage. The crated charges areusuallyplaced 
upright (either nose up or tail up) in a single 
tier, or in two tiers with a platform between 
them. Secure the crated charges against moving. 
H they are carefully secured, crated charges 
may be stowed horizontally on racks. 

In wartime, the ship’s release tracks are 
kept loaded with depth charges in ready con¬ 
dition. This means that the pistol, with its 
detonator in place, is installed in the depth 
charge, locked on SAFE, and protected with a 
plain safety cover. The booster extender and 
booster are installed, and protected with a plain 
safety fork. When ordered to do so, you will put 
the charges in fully ready condition by setting 
the pistol for the ordered depth, and by replac- 
ing the plain fork and safety cover with knobbed 
ones. 

During peacetime, some the ship’s depth 
charges may be stowed onthe tracks, butwithout 
their pistols, boosters, or booster extenders. 
The aftermost position on the track is usually 
left vacant, to keep from putting too much strain 
on the detents in the release trap. Your gunnery 
officer will teli you how to secure the charges 
on the tracks. 

When a pistol is assembled in a depth charge, 
it must always be kept at the SAFE setting during 
handling and stowage. This istrueevenwhenthe 
safety cover and safety fork are both in place. 

In wartime, depth charges will be stowed on 
the ship’s projectors. Keep the charge and arbor 
lashed to the sea lashing hooks until you are 
ordered to prepare the charge for immediate 
firing. Leave the pistol set on SAFE until some 
other setting is ordered. K the charge is not 
launched after setting, reset the pistol on SAFE 
as soon as you get the order to secure. 
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IMPORTANT WARNING. If your ship is in 
danger of sinking, make every effort to reset 
ali the pistols in the fully ready charges on 
SAFE, even if the safety forks and safety covers 
are in place. This is the only way you can be 
certain that a sinking depth charge won’t be 
armed by accident. 

DEPTH CHARGE MAINTENANCE 

The upkeep routines for depth charges are 
much simpler than those for torpedoes. But the 
routines must be followed regularly and care- 
fully. 

When depth charges are stowed onthetracks 
in ready condition, give the pistols the following 
WEEKLY routine. 

1. Put a few drops of light oilonthe surface 
between the outer index pointer and the dial piate, 
and around the plunger that’s attached to the index 
pointer. 

2. Remove the safety lock. 

3. Tum the outer index pointer counter- 
clockwise from SAFE to 30. 

4. Tum the index pointer clockwise from 30 
back to SAFE. Lock the pointer at SAFE. 

5. Remove the safety cover. 

6. Tura the inner index pointer counter- 
clockwise from its stowage setting to the 0 TO 
300 mark. Then turn it clockwise back to the 
stowage setting. 

7. Inspect the safety cover. If it's in good 
condition, put it back on the pistol. If it isn’t, 
replace it with a new one. 

If the charges are stowed in fully ready con¬ 
dition, give the pistols the following DAILY 
routine. 

1. Turn the outer index pointer counter- 
clockwise from the ordered setting to 30, then 
clockwise from 30 to SAFE; andfinally counter- 
clockwise from SAFE to the ordered setting. 


2. Take off the safety cover. 

3. Turn the inner index pointer counter- 
clockwise to 0 TO 300, then clockwise to its 
highest setting, then counterclockwise back to 
the ordered setting. 

4. Inspect the safety cover. If it’s in good 
condition, put it back on the pistol. If it isn’t 
replace it with a new one. 

When a booster extender is assembled in a 
depth charge in deck stowage, give the extender 
the following DAILY routine. 

1. Remove the safety fork, and watch the 
action of the spindle. It should immediately 
move inward a quarter of an inch. 

2. Attach the extender-testing tool. (This 
tool is described in chapter V of OP 747.) 

3. Work the spindle in and out 10 times, 
using medium pressure. 

CAUTION: Don't move the spindle farther 
than three-fourths of an inch. If you do, the 
booster will surround the detonator and the 
charge will be dangerous. 

4. If the spindle sticks, remove the extender 
for overhaul. Replace it with an extender that 
is in good working condition. 

5. Remove the testing tool. 

6. Examine the safety fork. If it’s in good 
condition, put it back on the extender. If it isn’t, 
replace it with a new one. 

REFERENCES 

OP 866, Depth Charge Mk 9 and Mods. 

OP 669, Depth Charge Mk 14 Mod 0; Descrip- 
tion and Instructions for Use. 

OP 1577, Depth Charge Mk 14 Mod 0; Ship- 
board Handling Instructions. 

OP 2107, Depth Charges Mk 16 Mods 0 and 
1; Description and Instructions for Use. 


QUIZ 


1. What two ways are used for launching depth 
charges? 

2. How are depth charges classified according to 
firing mechanism? 

3. What explosives are used as the main charge 
in depth charges? 

4. Why do we launch a whole “partem” of depth 
charges against a single submarine? 


5. How are depth charges launched from the 
stern of the ship? 

6. How are depth charges launched to port and 
starboard? 

7. What provides the force that extends the bel- 
lows in the pistol and the booster extender? 

8. What is the purpose of the wiping piates on a 
depth charge track? 
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DEPTH CHARGE TRACKS AND PROJECTORS 


We can launch a depth charge in either of 
two ways: We can roll it off atrackat the stern 
of the ship, or we can fire it from a projector at 
the side of the ship. The projector is a simple 
gun that fires the depth charge at ranges up to 
150 yards, depending on the size of the pro¬ 
pellant charge. 

As you learned in chapter 15, we rarely 
launch a single depth charge against a sub- 
marine. To increase the chances of getting a 
hit, we launch a pattern of 10 or more charges. 
To make the most effective pattern, we need 
both release tracks and projectors. There are 
usually three projectors on each side of a de- 
stroyer. The pattern consists of the 6 charges 
fired from the projectors, and from 4 to 6 
charges rolled from the release tracks at the 
stern. 

The large tracks that you’11 find at the stern 
of a destroyer are designated by mark and mod 
numbers. The very short tracks—the kind you’11 
find on PT boats and other small craft—have no 
mark numbers. They’re designated only by 
letters. 

RELEASE TRACKS 

Actually there are several marks and a 
number of mods of release tracks. But at 
present the tracks most often used are of the 
Mk 9 type. In this chapter we'll discuss briefly 
Mk 9 and Mk 3. After you learn how the se 
tracks operate, you’11 find the others easy to 
understand. 

MK 9 TYPE TRACKS 

Figure 16-1 shows a Mk 9 release track. 
Normally, the tracks are mounted in pairs, one 
on each outboard side of the centerline of the 
ship’s fantail. For that reason, not ali of the 
parts are interchangeable; some of them will 
be either right-hand or left-hand. The track 
(fig. 16-1) is the type that's mounted onthe port 
side of the ship. In this figure the afterend of 


the track, where the charges roll out, is at the 
lower left. 

As you can see in figure 16-1, there are 
six different mods of the Mk 9 track. Mods 0 
through 4 differ only in length. The Mod 5 
differs also in the amount of space between the 
forward frames. (Note the dotted lines that 
represent the forward frame of the Mod 5.) 

Ali Mk 9 tracks have an upper and lower 
pair of guide rails. The upper outboard rails 
(on the far side in figure 16-1) are bolted to 
spacer brackets. The brackets, in turn, are 
secured to the framework. The upper inboard 
rails are bolted directly to the framework. 
Both lower rails are bolted to horizontal cross 
braces, directly under the corresponding upper 
rails. 

With some installations you will use aload- 
ing tray to put the charges on the track. There 
are two different types of loading trays, but both 
are mounted at the forward end of the track. The 
tray shown on the track in figure 16-1 is of the 
rigid type. There is also a folding type, which 
you can fold up flat against the forward support 
when you aren’t using it. 

In the afterend of the track (lower left in 
figure 16-1) is the release trap. Thetrap holds 
one depth charge in position for launching. A 
pair of detents, mounted between the lower guide 
rails, keeps the charge in the trap until you’re 
ready to release it. The detents are operated, 
through a linkage, by the track-controi unit. 

Hanging between the upper rails is a series 
of pawl bars, each shaped like a wide letter U. 
There is one pawl bar for each charge on the 
track, except the one that’s farthest forward. 
The pawl bars are spaced so that each bar 
secures one charge against moving forward. 
The forward charge is secured by a removable 
stop bar. 

There are several different designs of stop 
bars. When charges are stowed on the tracks 
during peacetime, you may find a stop bar 
between each pair of stanchions. (In figure 
16-1, there are four stop bars in place.) The 
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Figure 16-1.—Depth Charge Release Track Mk 9 Mods 0, 1, 2, 3, 4, and 5. 


protective bar at the afterend of the track is 
calledasafetybar. Itkeepstheaftermost charge 
from rolling out ofthe release trap accidentally. 

On each of the two aftermost stanchions is 
a wiping piate. (Find them in figure 16-1.) As 
the depth charge rolls off the track, one wiping 
piate removes the knobbed safety fork from the 
booster extender. The other removes the 
knobbed safety cover from the pistol. 

Operation of the Mk 9 Track 

The three diagrams in figure 16-2 show how 
the Mk 9 track ope rates. In part A you see four 
depth charges in place on the track, with the 
track control in its secure position. The after¬ 
most charge—number 1—is bearing against the 


after detents, which keep it from rolling aft. At 
the top of the track, a pawl bar bears against 
each of the charges, to prevent any forward 
motion. Under the afterend of the number 2 
charge, you can see the forward detents. When 
the operating mechanism is in the secure posi¬ 
tion, the forward detents are below the level 
of the lower guide rails, and don't touch any of 
the charges. 

In part B of figure 16-2, the track-control 
mechanism is in the release position. The 
operating handle has been moved aft (to the left 
in the drawing). You can easily tracethe resuit 
of that movement through the linkage. The after 
detent moves down, leaving the number 1 charge 
free to roll off the track. But the forward detent 
moves up, and bears against charge 2. Thus 
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charges 2, 3, and 4 are held almost in the secure 
position. 

In part C, the number 1 charge is about to 
fall off the afterend of the track and drop into 
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Figure 16-2. — Operatlon of the Mk 9 
depth charge release track. 


the water. It has passed the wiping plates, 
which have pulled off the knobbed safety fork 
and safety cover. The operatingmechanismhas 
been returned to its secure position, with the 
after detent up and the forward detent down. 
Charge number 2 is rolling into the release trap, 
where it will be stopped by the after detent. 
Charges 3 and 4 are following charge 2. At the 
end of this action, charges 2, 3, and 4 will 
exactly replace charges 1, 2, and 3, in the posi¬ 
tion shown in part A of the illustration. 

This ends one launching cycle. To launch 
charge 2, you go through the whole cycle again. 

MK 3 TYPE RELEASE TRACK 

The Mk 3 release track was the type most 
used during World War H. Its framework is 
almost, but not exactly, like that of the Mk 9. 
Its. release trap works in the same way. There 
are three current mods of the Mk 3 track, which 
differ only in length. Mod 0 holds eight charges; 
Mod 1 seven charges; and Mod 2 five charges. 

There is only one important difference be- 
tween the Mk 3 and the Mk 9: The Mk 3 has an 
upper detent that bears against the charges at 
the forward end of the track. This upper de¬ 
tent keeps the forward charges from moving 
aft during the release of the after charge. Thus 
it protects the detents in the release trap from 
the thrust of the whole load. 

Study figure 16-3 to see how the Mk 3 track 
operates. Its release trap works the same as 
that of Mk 9. But the upper detent keeps charge 
4—and all the charges forward of it—from 
moving aft until the cycle is nearly complete. 
When the release mechanism is returned to its 
secure position, the upper detent will bear 
against the new fourth charge. 


LETTER-DESIGNATED TRACKS 

Only four tracks are designated by letters: 
types A, B, C, and D. They were designed pri- 
marily for PT boats and other small craft, al- 
though you may sometimes find them grouped 
along the sides of larger vessels. 

Types A and B are of the samebasic design; 
type A holds one charge, and type B holds two. 
In the same way, types C and D are one-charge 
and two-charge arrangements of the samebasic 
design. All four types have cable pendants for 
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Flgure 16-3. — Operation of the Mk 3 
depth charge release track. 

holdlng the depth charge (or charges) in place. 
Ali have built-in local control devices. 

Figure 16-4 shows the type A release track. 
As you can see, it’s very simple and compact. 
The charge rests on channel irons, and bears 
against an Iron back rest. The release cable 


holds the charge in place on the track. The 
release link, secured by a pin, holds a bight of 
the release cable in place over the charge. By 
turning the release crank clockwise, you pull 
the release pin out of the release link. The 
charge is then free to roll off the track. 

As you can see, the type A track has no 
wiping plates. You remove the two safety de¬ 
vices by hand, just before youlaunchthe charge. 

NOTE: At one time, the safety devices were 
removed by lanyards secured to the track. The 
lanyards automatically pulled off the safety fork 
and cover as the charge was launched. But 
BuWeps found that because of these lanyards, 
the safety devices were sometimes pulled off 
accidentally before the charges were ready for 
launching. BuWeps now recommends that the 
lanyards shall NOT be used. 

Before you put a depth charge on a type A 
track, follow these steps 'to make the track 
ready: 

1. Take out the safety pin that secures the 
release crank. 

2. Back off the butterfly nuts to slacken the 
release cable. 

3. If the pin is in the release link, tura the 
crank to pull it out. 

4. Throw the release cable over the back of 
the track. 

The track is now ready for loading. To load 
it, follow these steps: 

1. Put a charge on the track, and hold it 
against the back rest. 

2. Drop the bight of the release cable over 
the charge. 

3. Slip the release link into the locking 
clevis. 

4. Tura the release lever to its secure 
position, to drive the release pin into place in 
the link. 

5. Tighten the butterfly nuts until the cable 
holds the charge firmly against the back rest. 

6. Unless the charge is to be used at once, 
lock the release crank in its secure position. 

7. Remove the safety fork and safety cover 
by hand, just before you release the charge. 

RELEASE CONTROLS 

The four letter-designated tracks have built- 
in Controls that you operate locally, by hand. 
Most of the other tracks such as the Mk 9, have 
independent Controls linked to the track mech- 
anism. 
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Flgure 16-4. — Depth charge release track type A. 


There are three different types of inde- 
pendent control units. The simplest is the hand- 
operated LOCAL unit. You can join it to the 
connecting rod of any track that doesn’t have a 
built-in control. 

The second type is a HYDRAULIC control 
System, with two control units. You can operate 
it locally by hand, or by hydraulic pressure 
from a more distant hand-operated unit. 

The third type, and the one most widelyused 
now, is an ELECTRIC-HYDRAULIC control Sys¬ 
tem. Its hydraulic equipment is much like that 
of the second type. But you operate the more 
distant unit of this system by an electric motor, 
rather than by hand. 

Local Control 

Figure 16-5 shows a local control unit. The 
pedestal supports a fixed spindle and disc. The 
operating lever is cast in one piece with the 
housing, which fits around the disc. When you 


move the operating lever, the housing turns on 
the disc. (The disc and spindle don’t move;) 
Two adjustable limit stops control* the size of 
the arc through which you can move the oper¬ 
ating lever. 

Within the operating lever is a spring-loaded 
latch. When the lever is in its secure position, 
this latch engages a notch in the disc, thus 
locking the lever in place. To release the lever 
for operation, squeeze the finger grip release. 

A pin projects from the housing to connect 
the operating lever to the operating rod of the 
track mechanism. 

The local control units are marked either 
PORT or STARBOARD, depending on the posi¬ 
tion of the limit stop brackets and the locking 
notch in the disc. 

To operate the control unit, follow these 
steps: 

1. Grasp the control lever. Unlatch the 
lever by squeezing the finger grip release. 
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Flgure 16-5. — Cutaway view of local control unit. 


2. When ordered, swing the lever quickly, 
in one smooth continuous motion, until it rests 
against the after limit stop. (This operates the 
track detents and releases the rear depth 
charge.) 

3. Hold the lever in the release position 
until the next charge comes to rest against the 
forward detents. 

4. Move the lever quickly, in one smooth 
continuous motion, back to its forward limit 
stop. 

5. Repeat the full cycle as ordered. 

6. Retura the lever to its secure position, 
and latch it there. 

NOTE: Moving the lever smoothly and quickly 
is important. If you hesitate, or stop half way, 
the charges may jam on the track. 


Hydraulic Control 

Figure 16-6 is a diagram of a hydraulic con¬ 
trol system. 

This system has two control units. The 
TRACK unit is linked directly to the operating 
rod of the track mechanism. The BRIDGE 
CONTROL is at some distance from the track— 
usually (but not always) on the bridge. Two 
pipes, filled with hydraulic fluid, connect the 
two control units. Near the bridge control, but 
at a higher elevation is a surge tank. The tank 
holds a supply of hydraulic fluid, to keep the 
pipes full at all times. It also allows the fluid 
to expand when the temperature rises. 

Figure 16-7 is a diagram of the track con¬ 
trol unit. If you compare it with figure 16-5 
you’ll see that the track control unit of the 


243 


Digitized by v^ooQle 







TORPEDOMAN’S MATE 3 & 2 



q l 

—a—B—— 


4.210 


Figure 16-6. — Diagram of a hydraulic control system. 



Figure 16-7. — Track control unit of the hydraulic system. 
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hydraulic System is very much like the local 
control unit. In fact, you can use it for local 
control just by disengaging the release lever. 

In the left-hand part of figure 16-7 you can 
see the hydraulic mechanism. Its principal 
parts are a pair of cylinders, each housing a 
hydraulic ram or piston. (One of the cylinders 
is cut away in the illustration.) A gear rack is 
machined on one side of each ram. Both racks 
mesh with the pinion. The unit is assembled so 
that when one ram is down, the other iS up. At 
the bottom of each cylinder is a connection for 
one of the two hydraulic pipes. A leather cup 
at the bottom of each ram makes a tight fit in¬ 
side the cylinder. 

When the unit is operated from the bridge, 
the operating lever of the bridge control is 
thrown to its release 'position. This forces 
hydraulic fluid, under pressure, through one of 
the pipes and into the forward cylinder of the 
track unit. (The forward cylinder is the one 
that’s cut away in figure 16-7.) When the hy¬ 
draulic fluid forces the forward ram up, its 
rack turns the pinion, and forces the other ram 
downward. The pinion, through its shaft, turns 
the disc (counterclockwise in figure 16-7). Be- 
cause the release lever is latched to the notch 
in the disc, the disc turns the operating lever 
and its housing. And the pin on the housing 
moves the operating rod on the release track, 
dropping the after depth charge. 

When the operating lever at the bridge is 
returned to its secure position, the action in 
the track unit is reversed. The track operating 
rod is withdrawn, permitting the other depth 
charges to move aft to the next position. 

The bridge control unit, shown in figure 16-8, 
is similar to the track control unit. It has two 
cylinders, each containing a ram that ends in a 
gear rack. Between the two racks is a pinion. 
When you move the operating lever, it turns the 
pinion shaft and the pinion. The pinion pushes 
one ram up and the other down. The ram that 
goes down will supply fluid, under pressure, to 
the correspondlng ram at the track (which now 
goes up). The ram that goes up will draw 
fluid from the corresponding cylinder at the 
track (which is now going down). 

Fluid travels from one unit to the other 
through a pair of 3/8-inch brass pipes. For 
most of their length, these pipes run below 
decks. But the risers at the bridge are exposed 
and must be carefully protected from damage. 


Before you operate the System in local con¬ 
trol, make sure that the securing pin (or other 
locking device) is in place in the bridge control. 
And make sure that the corresponding device at 
the track control has been released. Then op¬ 
erate the unit exactly as you would operate the 
local control. 

Before you operate the bridge control, make 
sure that the securing devices have been re- 
moved from both units. Latch the release lever 
of the track control in its notch in the disc. Then 
operate the release lever at the bridge, just 
as you would operate the track unit for local 
control. 

After the charges have been dropped, secure 
both control units. Many ships now use padlock 
devices to prevent accidental or unauthorized 
operation. 

Electric-Hydraulic System 

Figure 16-9 is a diagram of the Mk 3 Mod 0 
electric-hydraulic release control. The hy¬ 
draulic part of this system works just like the 
hydraulic system that we've already described. 
But in the Mk 3 Mod 0 control, a l-l/2-hp 
electric motor provides the power to operate 
the bridge control unit. 

The hydraulic control and its motor are not 
actually located on the bridge. Instead, they 
are installed in the after steering room, where 
they are less exposed to battle damage. The 
only part of the system that’s actually on the 
bridge is the operator’s control. This consists 
of an ON-OFF switch, a ROLL button, two in¬ 
dicator lights, and the necessary wiring. And 
on some ships, even the operator’s control is 
located below decks, in the ASW station. Be- 
cause the hydraulic part of the bridge control 
is below decks, the pipes are shorter, and less 
exposed to battle damage. 

The motor supplies power faster and smooth- 
er than a human operator. It can drop more 
depth charges, more reliably, in less time. And 
if the charges begin to jam on the track, the 
motor will cut out automatically. This gives 
you time to correct the trouble at the track be¬ 
fore it gets worse. 

A magnetic control panel is located in the 
after steering room, along with the bridge con¬ 
trol and its motor. The panel receives and 
transmits operating signals that come from the 
operator’s control panel, and from the RESET 
switch on the track. 
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Flgure 16-8. — Bridge control unit of the hydraulic System. 


As in the other release Systems, the track 
control is connected. directly to the track mech- 
anism. It responds to hydraulic pressure from 
the bridge -control unit. Because the surge tank 
is designed to keep the pipes full of hydraulic 


fluid, it must be mounted at a higher elevation 
than any other part of the hydraulic System. 
Since the bridge control unit is below decks, 
the surge tank is mounted near the track con¬ 
trol, and somewhat above it. 
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Flgure 16-9. —Dlagram of an electric-hydraulic release control system. 

The reset switch at the track is closed release cycle. An ON-OFF switch and 
momentarily by the pressure of the after depth EMERGENCY-RESET button are also located 

charge as it rolls out of the release trap. When at the track. You will use the emergency reset 

the reset switch closes, it reverses the direction button when you test the operation of the motor, 

of the motor, and starts the second half of the During this test, you stop the motor in the midst 
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of a cycle. Then, to restore the system to its 
secure position, you press the emergency reset 
button. 

To prepare the Mk 3 Mod 0 release control 
for operation, close the 440-volt power switch 
on the magnetic control panel. Turn the ON- 
OFF switches, at both the track and the bridge 
station to ON. A red indicator light will now 
Show you that the Circuit is energized. If the 
bridge control is in its secure position, as it 
should be, a green light will also go on. The 
system is now ready for operation. 

Figure 16-10 is another view of the motor 
and hydraulic unit of the bridge control. In 
this figure, the parts face in the opposite 
direction from those in figure 16-9. And the 
gears and shafts are covered by their housings. 
In figure 16-10 you can also see the stop arm 
that Controls the action of the hydraulic system. 

To release a depth charge, you press the 
ROLL button momentarily. That starts the 
motor, which runs clockwise. When the motor 
runs clockwise, it drives the hydraulic Controls 
to release a depth charge. The motor con¬ 
tinues to run in this direction until the stop arm 
comes to rest against the limit stop. This puts 
an added strain on the gears. The additional 
strain trips the torque switch, which stops the 
motor. 

As the after depth charge rolls out of the 
rplease trap, it closes the reset switch. The 
reset switch starts the motor running in the 
reverse direction. And the motor drives the 
hydraulic control system through the second 
half of the release cycle. When the stop arm 
comes to rest against the secure limit stop, 
the torque switch turns the motor off and ends 
the cycle. 

To drop another depth charge, all you have 
to do is press the roll button again. 

WARNING: When you operate the electric- 
hydraulic release control system, either for 
testing or for actually dropping charges, remem- 
ber that the release lever on the track control, 
and the stop arm on the bridge control, move 
fast. They move fast enough to break your arm 
if you happen to have it in the way. When you 
operate the system, keep ciear of the control 
units, and see that other personnel keep ciear. 


TRACK MAINTENANCE 

Depth-charge release tracks are designed 
for heavy duty. If you follow the weekly main- 
tenance routine given below, they aren’t likely 
to get out of order. Cleanliness is probably 
the most important point in the routine. Any 
foreign matter on the tracks, guide rails, pawls, 
or detents, is likely to cause a jam. 

Ice or frost on the track will temporarily 
put it out of commission. Spot heaters will 
sometimes help to keep the mechanisms free 
of frost. But if weather conditions are severe, 
you’ll have to remove the ice with a steam 
hose or with a stream of warm sea water. 

Here’s the maintenance routine. Go through 
these steps once a week in warm weather 
(oftener, if it’s cold): 

1. Clean all dirt and foreign matter from 
all parts of the track mechanism. 

2. If teardrop charges are on the tracks, 
check for faulty end rings. If you find a charge 
with a damaged ring, remove and put it aside 
for projector launching. 

3. Remove ice and frost as fast as they 
form. 

4. Check all the bearings and moving parts 
for cleanliness, proper lubrication, andfreedom 
of operation. (You’ll find complete lubrication 
charts in OP 904.) 

5. Check all bolts for tightness. 

6. Examine all the painted surfaces for 
corrosion. If you find rust or corrosion, re¬ 
move it with a wire brush. Keep these surfaces 
well painted. 

7. Check all the hydraulic piping for leaks. 
(At least once a month, test it at 500 psi.) 
Check the fluid level in the surge tank, and add 
more if the tank is less than half full. 

8. Check all packing for tightness, and 
adjust if necessary. 

9. With the release trap empty, and with 
all the charges securely lashed in place, 
check the operation of the release system through 
several cycles. 

10. Che ck the alignment of the wiping plates. 
(The proper clearances are shown in figure 8of 
OP 904.) 

11. Check the adjustment of the limit stops 
in the release mechanisms. Make sure that the 
stops are tight. 
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Figure 16-10. —Motor and hydraulic unit. 


PROJECTORS 

We have already told you that we use 
projectors to launch depth charges over the 
sides of a ship. The Mk 6 Mod 2 projector, 
shown in figure 16-11, is the one most commonly 
used in the Fleet now. Projectors, sometimes 
called K-guns, consist of a breech mechanism, 
breech chamber, and a barrel. Firing is 
either electrical, from a remote control station, 
or by percussion at the mount. 

On modern destroyers you , ll find three 
(sometimes four) projectors on each side of the 
ship. You can’t train or elevate a projector. 
But you can vary its range by varying the size 


of the impulse charge. The bigger the impulse 
charge, the farther the depth charge will go. 

The circular base of the projector is bolted 
to the deck. Just above the base is the expansion 
chamber. (Find these parts in figure 16-11.) 
Two tubular extensions rise from the expansion 
chamber. The shorter extension is the car- 
tridge chamber; the other is the barrel. At the 
upper end of the cartridge chamber is the breech 
mechanism. (Figure 16-11 shows it with its 
protective cover off.) You use the operating 
handle (fig. 16-12) to open the breech for 
loading, or to close it for firing. In the center 
of the breech plug is the firing pin; it’s ready 
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Figure 16-11.—Depth Charge Projector 
Mk 6 Mod 2, loaded. 


to operate when the breech is closed. On top 
of the firing lever is a safety latch which you 
can set in either of two positions—SAFE or 
FIRING. 

You can fire the K-gun electrically or by 
percussion. To fire electrically you have to 
close two switches: a master switch that Con¬ 
trols all the projectors, and a firing switch 
that Controls the individual projector. To 
fire by percussion, you pull the firing lanyard. 

The depth charge itself is obviously too big 
to fit in the projector barrel. Instead, you 
attach the charge to the tray of an expendable 
arbor, and fit the stem of the arbor into the 
projector barrel. (You can see the arbor in 
figure 16-13.) A chain holds the depth charge 
on the arbor tray, with its center of gravity 
in line with the barrel axis. The chain is 
passed over and around the depth charge and 
secured to the sea lashing hook by the release 
link. And upon firing, the release link dis- 
engages, permitting the depth charge and arbor 
to separate in flight. 

The impulse charges for the K-gun are 
assembled in cartridges; the propellant is 
spherohexagonal black powder. The cartridges 
are loaded with f i ve different amountsof powder. 
The No. 1 cartridge contains 12 1/2 ounces 
of powder; the No. 2 cartridge, 17 ounces; the 
No. 3 cartridge, 25 ounces; the No. 4 cartridge, 


OPERATING HANDLE SEAR 



Figure 16-12. — External breech mechanism. 


8 3/4 ounces; and the No. 5 cartridge, 14 
ounces. 

To prepare the projector for loading, first 
remove the drain plug from the expansion 
chamber, and leave it out. Open the breech 
mechanism. Clean and lubricate both the barrel 
and the arbor stem. 

Here are two important safety precautions 
to observe before and during loading: 

1. Set the safety catch on the projector 
at SAFE. Leave it there until you are ready 
to fire. 

2. Make sure that the master firing switch 
is open and that the electric lead to the firing 
pin is disconnected. 

To load a depth charge on the projector 
you can use either of two devices—the ROLLER 
LOADER, or the CANDLESTICK (or DAVIT) 
LOADER. You will probably use the roller 
loader more often. 

Before you load a charge with the roller 
loader, put the arbor stem into the projector 
barrel. Turn the arbor so that the tightener 
for the securing chain is on the upper side of 
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Figure 16-13.—Depth charge arbor. 


the barrel. Slide the charge from the loader 
tray to the arbor tray, and secure it with the 
Chain. 

When you use the candlestick loader, first 
secure the charge on the arbor. Then swing 
the charge and arbor into position, and care- 
fully lower the arbor stem into the barrel until 
it seats firmly. If you aren't going to fire 
immediately, lash the charge down securely. 

In time of war, insert the pistol and booster 
extender immediately after loading, if they aren’t 
already in place. But DO NOT remove the 
safety cover or the safety fork. Leave them 
in place until just before firing. 

If you expect to fire immediately, put an 
impulse charge in the breech chamber. Close 
and lock the breech block. Connect the firing 
lanyard or the electric firing-pin lead, which- 
ever you expect to use. The projector (but not 
the depth charge) is then ready to fire. 

When you prepare the depth charge for 
firing, the re are several steps that you have to 


leave until the last practicable moment. Imme¬ 
diately before firing, follow these steps: 

1. Take off the plain safety cover at the 
end of the depth charge pistol. 

2. Unlock the SAFE setting lock by pulling 
it up and turning the index pointer. 

3. Make the depth setting, as ordered. 

4. Just before firing, take the safety fork 
off the booster extender. (Follow the current 
BuWeps instructions for this step.) 

To fire the projector electrically, close 
the master switch and press the firing button. 
To fire by percussion, stand about 8 feet away 
from the breech, and give the lanyard a strong, 
steady jerk. 

In loading and firing depth charges, care- 
fully follow these safety precautions: 

1. Make sure that the breech is open 
before you load the arbor and depth charge. 

2. Until the breech is closed, make sure 
that the firing Circuit is open at the control 
station, and that the firing lead is disconnected 
from the firing pin. 

3. Unless your ship is in a danger zone, 
do NOT keep a cartridge in the breech chamber. 
(You can load the cartridge in 10 seconds.) 

4. Unless you expect to fire at once, keep 
^.the depth charge and arbor lashed to the sea 

lashing hooks. 

5. Do NOT fire the projector if there is 
any oil or water in the expansion chamber. 
Leave the drain plug OUT when you fire. 

6. Leave the safety fork on the booster 
extender, and keep the pistol locked on SAFE, 
until just before firing. 

7. Don’t snap the projector firing pin 
unnecessarily, especially into an empty 
chamber. If there is a loaded cartridge in the 
chamber, be very careful not to strike or 
bump the firing pin accidentally. 

8. When you te st the firing Circuit, keep 
the breech OPEN. 

9. If the cartridge misfires, wait a full 
10 minutes before you open the breech. Then, 
as you open it, stand to one side. 

10. Before you do any kind of work on the 
projector, check to see that the breech is 
unloaded. 

11. Keep the projector safety latch onSAFE 
until you are ready to fire. 

12. Ne ver tie the safety fork to anything. 
Remove the safety fork and cover by hand, just 
before firing. 
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PROJECTOR MAINTENANCE 

The projector is a simple mechanism, and 
its maintenance is easy. Keep it clean, dry, 
and properly lubricated. Paint the outside 
surface as often as necessary. Don’t let oil, 
water, or dirt collect in the expansion chamber. 

Once a day (but not oftener unless you get 
special orders to do so) test the manual opera- 
tion of the firing mechanism. First, load an 
EMPTY Shell casing into the chamber. Then 
pull the firing lanyard and note the action of the 
firing pin. Do NOT snap the firing pin into an 
empty chamber. 

Test the electric Circuit with the breech 
OPEN and the firing pin RETRACTED. Close 
the master switch, and the firing switch for the 
individual projector you’re worldngon. Tomake 
the test, use a 1-ampere lamp with two leads. 
Touch one lead to the exposed end of the firing 
pin, and the other to the breech plug. If the 
Circuit is good, the lamp will light. If the 
lamp doesn’t light, look for a short Circuit, an 
open Circuit, or a blown fuse. You can then 
use a voltmeter to look for the sourceof trouble. 


But don’t try to use the voltmeter in place of 
the lamp. A voltmeter won’t always Show loose 
connections or a partially open Circuit. 

Remember to open the breech before you 
make the electrical test. E you press the 
firing button when the breech is closed, you’11 
have a short Circuit and a blown fuse. 

After firing operation, the breech mech¬ 
anism will need a thorough test and overhaul. 
You’11 find complete instruction in OP 831. 
Use light oil to lubricate the firing pin assembly, 
and medium oil or light grease for the other 
parts of the breech. 

REFERENCES 

OP 831, Depth Charge Projector Mk 6 Modi 
and Mod 2. 

OP 904, Depth Charge Release Tracks and 
Associated Equipment. 

OP 2011, Performance and Installation 
Characteristics of Shipborne Ordnance 
(Depth Charge Tracks Mk 9). 


QUIZ 


1. What is the usual pattern of depth charges 
against submarines? 

2. What is the purpose of the pawl bars on the 
Mk 9 tracks? 

3. What kind of depth charge tracks are best 
adapted to small craft? 

4. Name the three type s of independent release 
Controls. 

5. In a local track control, how do you unlatch 
the operating lever? 

6. What is the use of the pinion gear in the 
hydraulic track control? 


7. When do the rams in a hydraulic track 
control reverse their direction of motion? 

8. What is the purpose of the hydraulic fluid 
in the track control System? 

9. Why is it desirable to install the bridge 
control below decks? 

10. What is the purpose of the depth charge 
arbor? 

11. What precaution must you take before you 
test the projector firing Circuit? 

12. After firing operations, what should you do 
to the breech mechanism? 
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CHAPTER 17 


HANDLING, SHIPPING, AND STOWING 


Handling, shipping, and stowing are important 
operations. As a TM 3 you will help with this 
work. As a TM 2 you may even supervise some 
parts o£ it. You will find complete instructions 
on handling, shipping, andstowinginthefollowing 
publications: 

Bureau of Ordnance Manual 

Bureau ofShips Technical Manual (chapter 78) 

Ammunition Handling, NavPers 16194 

The Bureau of Ordnance Manual isespecially 
good because it references many other publica¬ 
tions, OPs, ODs, and NavOrd Instructions that 
give detailed instructions. We suggest, however, 
that you become thoroughly familiar with all 
of these publications, especially if you are 
preparing for advancement to TM 2. H you 
are a striker preparing for advancement to 
TM 3, the short discussion we'11 .give you in 
this chapter may be all you need. 

HANDLING TORPEDOES 

You are already familiar with the various 
kinds of equipment we use to handle torpedoes 
and their associated parts. This equipment 
includes the torpedo trucks, resting chocks, 
hoisting straps, torpedo tools, nose and tail 
steadying lines, etc. We discussed these items 
briefly in chapter 3 of this course. You can 
find more detailed Information on this equip¬ 
ment in OP 1217, Torpedo Workshop Equipment 
and Tools. 

Maintenance procedures, including inspec- 
tions, adjustments, tests after overhaul, repair, 
and post-firing routines, are specified in the 
applicable ordnance pamphlets. An ordnance 
pamphlet, as you know, is issued for every 
different torpedo and major item of accessory 
equipment. And authorized changes in torpedo 
maintenance procedures are issued as official 
changes to the ordnance pamphlets. 

Torpedoes and torpedo components are pre- 
served only by activities having the necessary 
facilities to comply with the instructions for 


preserving, shipping, and storing, as outlinedin 
OP 1105. 

HOISTING 

When you lift any torpedo with a hoisting 
strap, the strap must pass around the torpedo’s 
balance point. The exact position of this balance 
point depends on the the mark and mod of the 
torpedo, the amount of fuel and water in its 
tanks, whether it’s fitted with a warhead or an 
exercise head, etc. This is something you can 
learn only from experience. You’ll have plenty 
of experience before you’11 be expected to 
supervise this operation. 

Before you try to.lift an air-steam torpedo, 
make sure that the hoisting strap is around the 
air flask section. You can NOT use the midship 
section as a hoisting point. It isn’t strong 
enough to hold the weight of the torpedo. Don’t 
try to hoist a torpedo when you're alone—even 
if you're sure it’s perfectly balanced. There 
must be enough personnel on hand to steady 
the torpedo at its nose and tail. They can do 
this by hand, or by passing handling lines 
(usually 21-thread manila line) around the tail 
and through the nose ring. 

When you put the torpedo down in a torpedo 
truck or bomb truck, or in chocks, lower it 
gently. Distribute the weight of the torpedo 
evenly in the chocks. Make sure that the mid¬ 
ship section doesn’t rest in the chocks; the mid¬ 
ship section must NOT support the weight ofthe 
torpedo. 

When you turn the torpedo on the chocks, 
have someone stand nearby to listen for abnormal 
sounds. This practice often pays off. It’s 
helpful in discovering loose leads, backed-out 
screws, and forgotten tools. 

When you leave a torpedo in a truck or oh 
chocks for any length of time, secure it to keep 
it from moving. If the truck or chocks are 
provided with securing bands or clamps, use 
them. If not, lash the torpedo in place with 
lines. 
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The chain falis and hoists that you use in 
handling torpedoes need careful attention. 
Before you use them, check them to make sure 
they're in good working order. Inspect them 
frequently and lubricate them periodically. 

Each time you turn a torpedo, use the sluing 
bar and strap issued for this purpose. Never 
use the tail vanes to turn a torpedo. The tail 
vanes may look strong enough to take the strain, 
but they aren't. If you bend them even a few 
degrees, the torpedo will make a faulty run. 

Study figure 17-1. It shows several methods 
of handling the various parts of the torpedo, 
both boxed and unboxed. 

The warhead shell is heavy, and it looks 
strong. Actually, in spite of its weight, the Shell 
is rather fragile. Warheads must never be 
rolled. Both warheads and exercise heads have 
nose rings for handling and lifting. If there’s 


no overhead hoist available for movingwarheads, 
use a handtruck. You can load warheads on a 
bomb truck or trailer in a horizontal position. 
But don't slide them off at the end of the ride. 
Use the nose ring to lift them off. 

Warheads should be stowed vertically, if 
possible, with their protecting rings in place. 
You can stow them horizontally if necessary, 
but only when no other warheads or other equip- 
ment is stowed on top of them. 


TRANSFERRING 


When you transfer torpedoes between a ship 
and a shore station, youUlloadthemona lighter, 
barge, or tug. You'11 have to take special pre- 
cautions to keep the torpedoes from shifting in 
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Figure 17-1. —Handling and hoisting torpedoes. 
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their chocks while the barge or lighter is under- 
way between the ship and the shore station. 

H a vessel is used regularly to transport 
torpedoes between ship and shore, it should be 
provided with the proper securing racks and 
securing gear to fit ali torpedoes. The space 
provided for torpedoes should be well protected 
from the weather. If you take care to keep 
your torpedoes in the proper state of preserva- 
tion during transfer, you’ll save a lot of work 
in the long run. 

Sometimes your ship may have to furnish 
its own means for transporting torpedoes. 
You can use a motor launch by removing the 
thwarts and mounting wooden chocks on the 
bottom boards of the launch. Then lower the 
torpedoes carefully into the chocks. 

NOTE: Do not transfer a torpedo by towing 
it through water. There is no excuse for this 
except in an EXTREME emergency. If you 
must transfer it this way, give it a routine 
after-run treatment. 


SHIPPING TORPEDOES 

Torpedoes are shipped in separate sections, 
in specially constructed boxes or shipping 
containers. The air-steam torpedoes are 
shipped in boxes, and the advanced underseas 
weapons are shipped in specially constructed 
airtight containers. Both the boxes and the 
containers are specially designed to protect the 
torpedo from damage during shipment and 
handling. If you are stationed ashore, keep 
the boxes and containers for future use. If 
possible, stow them where they will be protected 
from the weather. Inspect each box and Con¬ 
tainer thoroughly before you use it. If you 
find that the box or Container has been damaged 
and you think it might not be strong enough to 
withstand rough treatment during shipping, don’t 
use it. But if you are stationed aboard ship, 
you will send the shipping boxes and containers 
back to the supplying activity. There is not 
sufficient space for stowage of the boxes and 
containers aboard ship. So, the supplying activ¬ 
ity will stow and protect them for reuse. 

You will find several ODs that give complete 
instructions on shipping and handling torpedoes. 
They will outline the boxes needed, or the mark 
and mod of Container to use. Some of the 
containers can be used interchangeably, but 


usually each weapon has its own mark or. mod 
of Container to use. 

PREPARING TORPEDOES FOR SHIPPING 

In preparing torpedoes for shipping, follow 
the detailed instructions given in the appropriate 
OD. Use the correct tools while handling the 
torpedo and examine each box and Container to 
make sure it is in good condition. Coat the 
outside surfaces of the air-steam torpedoes, 
and all their parts, with a preservative or a 
good grade of heavy grease. Spread grease on 
the chocks in the shipping boxes. Be especially 
sure that the felt or leather pads in the grooves 
of the chocks are well covered with grease. 
Many other instructions are given in the ODs. 

The advanced underseas weapons and their 
components are shipped in shipping containers. 
The shipping containers have some type of 
moisture control and some way to secure the 
torpedo in the Container. You will find ODs 
covering the different marks and mods of 
shipping containers, with instructions on how to 
control the moisture. In controlling the moisture 
usually one of three methods is used. You can 
use a desiccant which has a tendency to absorb 
moisture, pressurize the Container withnitro- 
gen, or pull a vacuum. 

PREPARING RECORD BOOKS 

There is a record book for every torpedo 
manufactured. All the required information is 
recorded by the manufacturer, proofing activity, 
and the Fleet activity. Similarly, history cards 
are issued for all exploders manufactured, and 
records of the batteries are kept. Torpedo rec¬ 
ord books carry the same classification as its 
torpedo. 

When torpedoes are transferred, the record 
books and history cards are forwarded by 
REGISTERED MAIL, unless they can be deliv- 
ered by hand. The exploder history cards and 
battery record cards are shipped in the Container 
with the exploder or battery. The record books 
and history cards must be up to date and 
transferred at the same time as the torpedo. 
It should have all overhaul and firing data 
entered. The book should be signed by the 
torpedo officer of the shipping base or ship. 

When you remove a torpedo section from its 
shipping box or Container, look carefully for 
small parts, such as joint screws and replace- 
ment screws, that may have come loose during 
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shipment. After you remove the torpedo from the 
box or Container, put the parts back in place. 

When a torpedo is expended, the torpedo 
record book and all applicable component 
records are returned to the Central Torpedo 
Office, Newport, R. L 

STOWIN6 TORPEDOES 

Before you stow a torpedo, thoroughly clean 
all the rust and corrosion off its outside 
surfaces. Then coat the outside surfaces with 
the preservative specified by the OP. Also 
inspect the stowage itself. Make any repairs 
that you flnd necessary. K the torpedoes will 
be stored in racks, make sure that the dollies, 
straps, stops, clamps, and battens fit properly 
and work smoothly. After you get the torpedo 
in place in the rack, tighten the clamps and 
straps. Set the battens in place to keep the 
torpedo from moving. 

In some storage areas, the torpedoes rest 
on stationary wooden chocks. Don’t forget 
to inspect the se chocks before you stow the 
torpedoes. If you stow torpedoes in tubes, set 
them up tight against the stop bolts. Tighten 
the tail stops so that the torpedoes can’t move 
back and forth inside the tube. 

Torpedoes stowed for long time stowage 
should be checked periodically. Inspect tor¬ 
pedoes that are packed and stowed in pressurized 
metal containers 7 days after installing the tor¬ 
pedoes and pressurizing the containers. Inspect 
the containers at least once every 90 days there- 
after. This inspection should include measuring 
the pressure of the atmosphere inside the Con¬ 
tainer usingsuitable pressure gages, and reading 
the Humidity Indicator installed in thewindowof 
the cover of the Container. This window contains 
three spots which are originallyblue in color but 
which change to pink as the relative humidity of 
the surrounding air increases. The lower spot 
will tum pink at 30 percent relative humidity. 
This is a SAFE condition. When the other two 
spots turn pink it is an UNSAFE condition. 
Check your OPs or ask your Chief Torpedoman 
for specific instructions at this point. 

MAGAZINE STOWAGE OF UNDERWATER 
ORDNANCE 

A magazine is any compartment, space, or 
locker, that’s used or intended to be used for 


storage of any kind of ammunition or explosives. 
Magazines are divided into two types—primary 
magazines and ready Service magazines. 

PRIMARY MAGAZINES are designed for 
stowage of a ship’s complete allowance of 
ammunition. They are located below decks, 
and are always provided with sprinkling or 
flooding systems. 

READY SERVICE MAGAZINES, or compart- 
ments, or lockers, are designed for temporary 
storage. They hold only a small part of aship’s 
total ammunition all ow ance. Ready Service 
magazines are located convenient to the guns 
they serve. They may or may not have sprinkler 
systems. 

If a ship’s ammunition allowance is increased, 
so that more magazine space is needed, the ready 
Service magazines can beadapted for temporary 
use as primary magazines. These temporary 
magazines should be made as much like the 
regular primary magazine as possible. Special 
attention should be given to ease of supply, 
protection, and other favorable storage condi- 
tions. For maximum safety, different types of 
explosives should be stored in separate maga¬ 
zines. 


Cooling and Ventilation 

On large ships, the magazines are usually 
insulated if they're likely to be subjected to 
temperatures over 110°. (Magazines on de- 
stroyers are seldom insulated.) Some maga¬ 
zines have mechanical cooling systems; the 
others have ventilated systems. The supply 
and exhaust ducts are fitted with screens, and 
with watertight closures. It’s important tokeep 
screens clean at all times. The closures must 
be closed during battle action. 

Whenever the temperature inside a magazine 
goes above 90° F, the magazine must be cooled 
artificially. Here are some rules for ventilating 
magazines. 

1. Before you turn on the blower, check the 
temperature of the air supply. Ventilation can’t 
cool the magazine if the air supply is warmer 
than the magazine itself. 

2. When you no longer need ventilation to 
keep the magazine temperature below 90° F, 
secure the ventilation and close the watertight 
closures. 
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3. In hot weather, run the blower only at 
night, and secure the ventilation during the heat 
of the day. 

4. You can cool ready Service lockers and 
boxes by covering them with wet burlap bags, 
or by sprinkling them with a hose. 

Sprinkler Systems 

A magazine sprinkler is a system of per- 
forated pipes. These pipes are secured to the 
overhead, and are connected to the firemain. 
They are arranged to shower all parts of the 
magazine and handling space. The sprinkler 
will quickly cool the compartment and ammu- 
nition stowed in it. In one hour or less, it will 
completely flood the compartment. 

Some magazines are provided with drains 
for removing the water after flooding. Others 
have small drainpipes in the bulkhead, near 
the deck. You can pump the water out by con- 
necting a small portable pump to the drainpipe. 

On older ships, the magazines could be 
flooded through sea valves. The newer maga¬ 
zines can be flooded through large pipes con¬ 
nected to the firemains. 

Lighting 

Magazines are lighted by special, watertight 
fixtures. All the switches and fuse boxes for the 
lighting system are located OUTSIDE the maga¬ 
zines. This is to prevent all possibility of 
ignition by electric sparks. NE VER, under any 
circumstances, take matches, naked lights, or 
anything else that can produce a spark or 
flame into a magazine. 

MAGAZINE STOWAGE OF TORPEDO 
COMPONE NTS 

Torpedo warheads are classed asbomb-type 
ammunition. This class includes mines, depth 
charges, hedgehogs, andbombs. This is probably 
the most dangerous kind of ammunition there is. 

Probably the best way to avoid disaster is 
by remembering, constantly, that the danger is 
there. 

Normally, bomb-type ammunition should not 
be stowed in magazines with other ammunition. 
And no two types of bomb ammunition should 
be stowed in the same space. 


Torpedo warheads are stowed unboxed, with 
their base resting on Steel protecting rings. 
These rings must always be attached to stowed 
warheads, to protect the bulkhead flange from 
damage. Never stow a detonator, or any mech- 
anism containing a detonator, in a warhead 
locker. Never assembly a detpnator, or an ex- 
ploder mechanism with a detonator in it, in a 
stowed warhead. 

The older type of warheads were filled with 
TNT, and TNT exudate was a serious problem. 
Recent warheads are filled with HBX, but HBX 
does not form exudate. However, BuWeps is 
developing new types of explosives; and in some 
of these, TNT is one ingredient. Some of these 
new explosives may be used in torpedo warheads. 
We can’t predict that they will form TNT exu¬ 
date, but we can suggest that you watch for it. 

Remember, any explosive containing TNT 
should be kept away from wood. When TNT 
exudate soaks into wood, the combination is a 
low explosive. When TNT exudate runs into 
drains, bilges, or similar spaces, it becomes 
a serious fire hazard. If torpedo warheads or 
depth charges form TNT exudate, put drip 
pans, partly filled with fresh water, under them. 

Impulse Charges 

The impulse charges for torpedoes and depth 
charges contain black powder. Never stow them 
in the same spaces with other explosives. 
Impulse charges must be stowed in special 
lockers, near the torpedo tubes and depth 
charge projectors. Figure 17-2 shows a stowage 
locker for depth charge impulse charges aboard 
a modern destroyer. 

Booster Charges 

You should remember the sequence of explo- 
sions that sets off the main charge in the 
torpedo warhead: A small, sensitive primer 
ignites the detonator. The detonator fires the 
booster charge, which in turn explodes the main 
charge. 

Boosters are usually made up of tetryl or 
granular TNT. Both of these explosives are 
more sensitive, and easier to detonate, than the 
main charge of cast explosive. Boosters are 
shipped and stowed in sealed metal cans, with 
wooden separators to keep them from jarring 
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Figure 17-2. — Stowing depth 
charge impulse charges. 

against each other. Figure 17-3 shows a box 
of tetryl boosters. 

Boosters are usually stored in separate 
magazines, which are not near magazines that 
contain bomb-type ammunition. Boosters may 
in some cases be stored with the bomb-type 
ammunition they belong to. That is, torpedo 
warhead boosters may be stored withwarheads, 
and depth charge boosters may be stored with 
depth charges. This is true only when the 
booster does not contain a detonator. 

Detonators 



4.220 

Figure 17-3. —Stowage of 
tetryl boosters. 


heat. They should be kept out of places likely 
to receive heavy shocks. They must never be 
brought near any electrical apparatus. Electric 
detonators must never be stowed in the same 
compartment with or near radio apparatus or 
antenna leads. 

Never stow more than 100 detonators in any 
one locker. No two detonator lockers may be 
within 10 feet of each other. 


The explosive in a detonator is usually 
fulminate of mercury or lead azide. Both of 
these explosives are extremely sensitive to 
shock. Detonators are dangerous to handle, and 
they require special attention in stowage. 

The detonators for torpedo warheads and 
depth charges are stowed in special detonator 
lockers. In large surface ships, and in sub- 
marines, these lockers are located below the 
water line or protective deck. In destroyers, 
and in most small surface craft, detonator 
lockers are above the main weather deck. In 
ali ships, detonator lockers are located as far 
as possible from ali other explosive charges. 
Detonators must be carefully protected from 
fires, steam pipes, and all other sources of 


Primers 

Primers are sometimes considered as a 
separate type of ammunition to be stowed 
separately. Often times they are assembled in 
some other unit of ammunition. 

The main charge of the primer is black 
powder. Black powder may be fired either by 
percussion or by electricity. A firing cap is 
mounted on the base of primers that fire by 
percussion. The priming mixture in this firing 
cap usually consists of fulminate of mercury. 
Electric primers contain a fine bridge wire. 
When a current heats the wire, it ignites a 
small charge of guncotton, which in turn ignites 
the main charge of black powder. 
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Because primers are sensitive to heat and 
shock, they require careful handling. They 
should be stowed in airtight containers, in a 


cool, dry space. When they are stowed sep- 
arately, they are kept in small arms magazines 
especially designed for primer stowage. 


QUIZ 


1. Why must the hoisting strap be placed 
around the air flask section of an air- 
steam torpedo rather than around the mid- 
ship section? 

2. Why should you never hoist a torpedo when 
you are alone? 

3. When you plan to leave a torpedo on a 
truck or on chocks for any length of time, 
how should it be secured? 

4. You should never use the tail vane of a 
torpedo to tum it. Why? 

5. When may torpedo warheads be stowed in a 
horizontal po sit ion? 

6. What must you attach to a warhead before 
you stow it? Why? 


7. If because of an emergency you must 
transfer a torpedo by towing it through the 
water, what should you do to the torpedo 
after it has been removed from the water? 

8. When you forward the torpedo book, what 
special instructione must be followed? 

9. What happens to the record book when a 
torpedo is expended? 

10. What precautions should you observe when 
you stow torpedoes in tubes? 

11. What is the principal difference between a 
primary magazine and a ready Service 
magazine? 

12. What special precautions apply to the 
stowage of electric detonators? 
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CHAPTER 18 

ADVANCED UNDERSEAS WEAPONS 


By “advaneed under se as weapons,” we mean 
torpedoes with electronic Controls. Most of 
the advanced torpedoes are propelled by an 
electric motor and a storage battery. Several 
marks of these electronically controlled tor¬ 
pedoes are in the Fleet at present. And 
several marks are under production and will 
reach the Fleet soon. The Ordnance Allowance 
Lists for the new submarines call for a number of 
electronic torpedoes. 

What will you as a TM 3 or 2 do with 
electronic torpedoes? We outlined someofyour 
work in chapter 9. We told you that you’11 be 
expected to give a hand with th» overhaul, but 
nobody will ask you to repair a complicated 
electronic Circuit. This, however, will change. 
The torpedoman schools are now teaching basic 
electronics to TM strikers and TM 3s. Actually, 
the time will soon come when most TMs will 
be qualified to work with most of the electronic 
circuits in advanced underseas weapons. 

If you have mastered chapter 9 in this 
course and the OPs listed for your reading, 
you can pass the part of the writtenexamination 
on advanced underseas weapons. And if you 
have had experience to go along with what you 
read you’11 also be able to meet the practical 
factors. But with any spare time that you can 
give to preparing for fUrther advancement in the 
TM rating, you’ll do well to build up your 
knowledge of electronic theory. Back in chapter 
9 we suggested that you study Basic Electricity, 
NavPers 10622, and Basic Electronics, NavPers 
10087. But to advance to TM 1, you’11 have to 
study beyond that. We suggest you get a copy 
of the training course, Electronics Technician3, 
NavPers 10188, and give unlimited time to it. 
We also suggest that you constantly check the 
NavPers 10052 series for the latest editions of 
these publications. 

Of course a knowledge of theory isn't going 
to overhaul any torpedoes. In electronics, as 
in mechanics, you can’t go far on books alone. 
You'll get practical electronics experience in 


the advanced underseas weapons school at Key 
West, and in the torpedo repair shopsthroughout 
the Fleet. So, use your spare time to study 
electronics. You’11 have plenty of time and 
occasions to put it to use. 

ELECTRONIC TORPEDO CONTROLS 

A torpedo is a self-propelled underwater 
weapon equipped with devices to control its 
depth and direction according to a preset plan 
or as influenced by an outside source. It is 
designed to carry an explosive charge and to 
detonate it against or in the vicinity of a target. 

The term “advanced underseas weapon’’ 
(AUW) is used to designate a group of homing 
torpedoes. The term distinguishes torpedoes 
which are electronically controlled, usually 
from acoustic intelligence, from those which 
are controlled solely by internal mechanisms. 

Homing torpedoes constitute one of the most 
potent of ali types of antisubmarine weapons. 
They were first used in World War H. to this 
chapter we cannot take up the latest types, and 
we can give you only sketchy Information about 
others. The entire field of advanced underseas 
weapons is heavily shrouded behind the veil of 
security classification. What these weapons do 
and how they do it, is something you’11 leam 
from the appropriate OPs, schools, experience, 
and the associated Sciences. 

All of the homing torpedoes now in the Fleet 
or now in production are ACOUSTIC. The 
homing feature depends on detecting soundsthat 
reach the torpedo from the target. The torpedo 
then steers itself toward the source of the sound. 

We can divide all acoustic torpedoes toto 
two types—ACTIVE and PASSIVE. 

An ACTIVE homing torpedo uses transducers 
to send out pulses of sound. If there’s a target 
within homing range, these sounds strike the 
target and the echoes are reflected back toward 
the torpedo where the transducers pick them up. 
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Then the torpedo steers itself in the 
direction of these echoes. 

A PASSIVE torpedo sends out no sounds 
(except, incidentally, its own motor andpropeller 
noises). Instead of listening for an echo, as 
is the case with active acoustictorpedoes, itlis- 
tens for the propeller and machinery noises of 
the target ship. Passive torpedoes use hydro- 
phones to pick up these noises and then the tor¬ 
pedo steers itself toward the target. We will 
discuss transducers and hydrophones later in 
this chapter. 

UNDERWATER SOUND 

Since most advanced underseas weapons de- 
pend on sound, we think the subject of sound 
should be given a brief discussion at this point. 

Sound is a physical disturbance that causes 
your sensation of hearing. And although it’s 
true that anything you can hear is sound, the re 
are some sounds that you can't hear. 

Sound Energy 

Anything that vibrates rapidly will make a 
sound. You can easily think of hundreds of 
examples, such as bells, radio loudspeaker 
diaphragms, and musical instruments. When 
sound travels from one point to another, the 
energy of the vibrations is passed along by the 
particles of the material in which the sound 
travels. A SOUND MEDIUM is any material 
substance through which SOUND ENERGY can 
pass. It may be a gas, such as air; a liquid, 
such as water; or a solid, such as steel. We 
told you sound is a physical disturbance. It is 
a disturbance in a medium—a material body. 
Sound will not travel through a vacuum. 

Spread of Sound Waves 

Figure 18-1 will give you an idea of how 
sound waves spread out, through a medium, 
from a vibrating body. The object at the left of 
the picture is a sonar transducer. Its right- 
hand surface is in contact with the sea. The 
■ surface of the transducer is vibrating rapidly. 

Compression Waves 

When it moves forward (to the right in 
figure 18-1), the transducer quickly pushes 
against the particles of water and produces 



Figure 18-1. —Longitudinal sound waves. 


an area of high pressure, or compression. 
The compressed particles immediately push 
against the particles in front of them. So the 
compression wave travels away from the trans¬ 
ducer, through the water. As its surface moves 
back, the transducer makes a wave of rarefaction 
(low pressure). And on its next forward move- 
ment it produces another compression wave that 
follows the first. 

The transducer will send out compression 
waves, one after another, as longas it vibrates. 
(In figure 18-1, the dark bands represent areas 
of compression.) Unless they hit somethingthat 
absorbs or reflects them, the sound waves 
spreading out from the transducer will keep 
on traveling indefinitely. But, as you can see in 
the picture, the farther each wave travels, the 
more area it covers. As each wave travels 
away from its source, it gets weaker, and has 
less and less energy at any given point. That 
makes it harder and harder to detect any echo 
reflected from the target. 
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Speed of Sound 

In any given medium, at any given tempera¬ 
ture and pressure, the speed at which sound 
waves travel is always the same. In air, for 
example, the speed of sound is about 1,090 feet 
per second at 32° F. (For each 1° rise in 
Fahrenheit temperature, the speed of sound 
increases by 1.1 feet per second.) 

In pure water, the speed of sound is about 
4,708 feet per second at 40° F. In sea water, 
the speed depends on the salinity (salt content) 
the pressure, and the temperature. A rough 
average at 40° F. is about 4,800 feet per second. 

Vibration Rate 

Now let's take another look at figure 18-1. 
The picture shows what has happened after the 
transducer has vibrated twice. Two compression 
waves have formed and have started to move 
away from the transducer. But what would the 
picture look like if we made it big enough to 
Show the condition at the end of 1 second? 
Since the sound waves are traveling in sea 
water, the first wave will be about 4,800 feet 
from the transducer at the end of 1 second. 

How many waves will the re be between the 
first wave and the transducer? That depends 
of course on how fast the transducer is vibrating. 
If it’s vibrating 1,000 times a second, the trans¬ 
ducer will send oyt 1,000 new sound waves each 
second, as long as it keeps on vibrating. 

Now let's suppose we make the transducer 
vibrate 2,000 times a second. What effect 
will that have on the speed of the sound waves? 
The answer is: None at ali. Regardless of 
how many times a second the transducer 
vibrates, the speed of its sound waves is always 
the same. At the end of 1 second, we’ll have 
2,000 waves between the first wave and the 
transducer, instead of only 1,000. 

Frequency of Sound 

Now let’s think of a fixed point a few inches 
in front of the transducer. How many waves will 
pass that point each second? If the transducer 
vibrates 1,000 times a second, 1,000 waves will 
pass the fixed point each second. Thus, we can 
say that the FREQUENCY of this sound is 1,000 
waves (or cycles) per second. 


So we can say this: The speed of sound, 
in a given medium (under any given set of 
conditions) is always the same. But the fre¬ 
quency of the sound can vary; frequency depends 
on how rapidly the source vibrates. 

Does a change in frequency make any 
difference in the way you hear a sound? You 
probably know the answer: The higher the 
frequency, the higher the pitchof the sound. For 
example, if you strike middle “C” on the 1 
piano, you'U hear a tone with a frequency of 
261.63 cycles per second (ifthepianoisin tune). 
If you strike the “ A” above the middle “C” 
the tone you hear will have a frequency of 
440 cycles a second. And if you strike the 
next “A” above that—the one an octave higher— 
the frequency will be 880. 

Now let’s say you blow a low "A" on a 
flute. The frequency will be 440. The tone you 
produce on the flute, however, won’t sound like - 
the A-440 you struck on the piano. Why not? 
Because neither instrument produces a tone with 
just one single frequency. In any musical tone 
one frequency predominates, even though other 
frequencies are superimposed on it. It’s the se 
other frequencies or overtones that give a 
musical tone its particular quality and enable 
you to teli one instrument from another. In 
any musical tone, the combined frequencies 
make a pattern that repeats itself regularly. 

Suppose you slam a door, or drop a book 
on the deck. The resuit is a sound. Yet 
there’s nothing musical on the deck. You have 
so many different points vibrating at once, at 
so many frequencies, that the sum is ahopeless 
jumble. There’s no musical tone; what you hear 
is NOISE. 


DETECTING SOUNDS 

How can we detect sounds? The obvious 
answer is—byear. When sound waves enteryour 
ear, you hear them. As we told you, there 
are some sounds you can’t hear. If the fre¬ 
quency of sound waves is less than 16 cycles 
a second, or more than 18,000, you can't hear 
them. (These limits vary somewhat from one 
person to another.) To detect sounds outside that 
range, we need special devices. In advanced 
underseas weapons the devices used are the 
TRANSDUCER and the HYDROPHONE. 
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Transducers 

We have already told you that active homing 
weapons use transducers to send out pulses of 
sound. And we told you that the transducer 
rearranges itself almost instantly and becomes a 
receiver for the reflected sound. A transducer 
is a device actuated by power from one System 
and supplying power in the same or any other 
form to a second system. The transducer 
changes the electrical pulse (ping cycle) into 
sound energy by the highfrequencyvibrationofa 
diaphragm. (See fig. 18-1.) The ping cycle is 
of short duration, which enables the transducer 
Circuit to realign its physical properites and 
become a receiver of any sound energy reflected 
from the target. This reflected sound energy 
is received on the face of the transducer which 
in tum changes the sound energy into a small 
electrical signal. This small electrical signal 
is fed into an amplifier, where the signal is 
amplified. The torpedo’s electronic detecting 
circuits determine the location of the target 
from these echoes and this Information is fed 
into the steering Controls. The steering Controls 
then steer the torpedo to the target area. 

Hydrophones 

Passive advanced underseas weapons use 
hydrophones to detect the sound made by the 
target ship. The hydrophones receive the sound 
energy and change it into electric current. Since 
the hydrophone intercepts only a small part of 
the sound that comes from the target, the current 
is small. And, since sound waves are a rapid 
alter nat ion of high and low pressure, the hydro¬ 
phone output is an alternating current. 

You remember from chapter 9 that wecan use 
electronic circuits to amplify weak alternating 
currents and make them stronger. We use this 
principle in homing torpedoes. The hydrophone 
output is fed through an amplifier before it 
goes to the control mechanisms. Youwilldothe 
troubleshooting on these amplifier circuits. 

DESCRIPTION OF A HOMING TORPEDO 

We’re going to give you a brief description 
of a passive homing torpedo. Don’t assume 
this description fits ali homing torpedoes. But, 
in a general way, most of it will apply to 
several marks. 


A homing torpedo has a warhead, a battery 
section, an afterbody, and a tail. Mounted in 
front of the warhead is an ogival nose section. 

The motor and the control mechanism are 
located in the afterbody. The gyro is electric. 
An electric device reads the position of the 
torpedo in relation to the gyro. This device 
sends its electric steering orders, through 
relays, to the steering solenoids. 

Most homing torpedoes have no drive gears; 
the drive shaft couples the motor directly to a 
single, three-bladed propeller. The older 
torpedoes, of course, have two propellers. 
And for a good reason. The spin of a single 
propeller tends to spin the whole torpedo in 
the opposite direction. Homing torpedoes have 
two ways to solve that problem. In one type, 
the torpedo is unbalanced on one side. The 
pull-around balances the twisting force of the 
propeller. In another type, there are four 
skewed fins between the normal tail fins. These 
skewed fins give the torpedo a twist to balance 
that of the propeller. 

Why do some homing torpedoes have only one 
propeller? Because one propeller makes a lot 
less noise than two. The homing torpedo homes 
on noise, and we have to keep it quiet to keep it 
from chasing its own tail. Getting rid of the 
extra propeller, the drive gears, the pallet 
mechanism, and the compressed-air depth and 
steering engines, helps the homing torpedo to 
run quietly. 


Homing Feature 

Two pairs of hydrophones are mounted on 
the ogival surface of the nose. The port and 
starboard pair control homing in a horizontal 
plane. The other pair, on the top and bottom of 
the ogive, control the vertical homing. 

What happens when the hydrophones detect a 
noise? Let’s consider just the port and star¬ 
board pair. Each hydrophone, you remember 
takes a small reflected signal and converts it 
into a small electric current. This current is 
strengthened by an amplifier. From the am- 
plifiers, the two currents go to a Circuit that 
compares their strength. H the current from 
the port hydrophone is stronger, the Circuit 
sends a steering signal that orders left rudders. 
The torpedo then turns in the direction of the 
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noise. And of course if the current from the 
starboard hydrophone is stronger, the Circuit 
orders right rudder. 

Let’s fire an imaginary warshot to see how 
the homing feature works. The torpedo runs 
deep in the water— somewhere between 50 and 225 
feet, dependingon the type. The depth mechanism 
is in control and keeps the torpedo at its running 
depth. If there’s no target within homing range, 
the gyro has control of the steering. The torpedo 
runs on the gyro course. 

Suppose there’s a target dead ahead. The 
target noise will be equally loud at the port and 
starboard hydrophones. Thus the two hydro¬ 
phone outputs will cancel each other, and the 
torpedo will stay on its gyro course. As long 
as the target is dead ahead, the torpedo is sure 
to score a hit. 

Now let’s suppose that the target lies on 
the port side of the gyro course, within homing 
range. Now the target noise is louder at the 
port hydrophone than it is at the starboard 
hydrophone. The homing circuits will do two 
things. First, they will open the gyro circuits, 
so that the gyro will no longer have control. 
Second, they will order left rudder. Upon 
execution of left rudder the torpedo will tura 
toward the target and will continue to tura 
until the target is dead ahead. 

Then the hydrophone outputs will cancel 
each other again, and the gyro will take over. 
Since the torpedo is heading left of the gyro 
course, the gyro will order right rudder. The 
torpedo will tura to starboard. It will keep 
turning until the sound at the port hydrophone 
is louder than the sound at the starboard 
hydrophone. Then the homing circuits will take 
over again, and order left rudder. Now the 
torpedo will tura back toward the target. 

So, as you can see, the homing torpedo 
weaves its way toward the target. But the 
actual amount ofweavingissmall. The torpedo’s 
course is fairly close to a straight line. 

During most of the homing run, the torpedo 
stays at its regular running depth. When it 
gets close to the target, however the sound that 
reaches the upper hydrophone will be louder 
than the sound that reaches the lower one. 
When that happens the homing mechanism opens 
the depth-mechanism Circuit, thus giving depth 
control to the upper and lower hydrophones. 
So, during the last part of its attack run, the 


torpedo is homing both horizontally and ver- 
tically. 

Safety Feature s in a Homing Torpedo 

Every torpedo has built-in safety features, 
designed for but one purpose: To protect the 
firing ship. You have already learned that 
the exploder is “safe” during the first part of 
the torpedo run. The torpedo can’t explode, 
even if it strikes a target. 

During the first part of the torpedo run, 
the exploder arms. The impeller, through a 
gear train, lifts the detonator out of the safety 
chamber and into the booster cavity. By the 
time the torpedo is able to explode, it has 
traveled from 200 to 400 yards away from the 
firing ship. 

In inertial exploders that fire electrically, 
the electric Circuit is usually open until the 
detonator reaches the booster cavity. 

At present, ali U.S. Navy homing torpedoes 
use inertia exploders that fire electrically. 
And other than the ceiling and floor switches in 
these exploders, homing torpedoes have several 
other safety devices that you won’t find in the 
older torpedoes. The most important of these 
are the enabling feature, the ACR Circuit, the 
SC Circuit, and the depth disarmer. Remember, 
however, no torpedo will have all of these fea¬ 
tures; it depends on the mark and mode of tor¬ 
pedo and the purpose for which it is to be used. 

ENABLING FEATURE.—This is a mech¬ 
anica! device that arms the homing circuits. 
During the first part of the run, the homing 
circuits are out of operation. The torpedo will 
stay on its gyro course, even if it passes close 
to a noisy target. So there’s no danger that the 
torpedo will horne on the ship that fired it. 

The enabling device is operated by a gear 
train. After the torpedo has traveled a safe 
distance from the firing ship, the gear train 
closes a switch that puts the homing circuits in 
operation. (The gear train gets its power from 
the torpedo’s drive shaft, not from the impeller.) 
The gear train is adjustable, so that you can 
change the length of the enabling run. (But 
BuWeps has recommended a Standard enabling 
distance. That’s the one you’11 use unless you 
get orders to change it.) 

ACR (ANTI-CIRCULAR RUN) CIRCUIT.- 
This is an electronic device that keeps the 
torpedo from circling back toward the firing 
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ship. A circling torpedo is always dangerous. 
Tou can see that a circling homing torpedo be 
would be extremely dangerous—especially if it 
got back near the firing ship alter the exploder 
and homing mechanism had armed. The ACR 
Circuit keeps that from happening. 

You know that a torpedo weaves back and 
forth across its gyro course. The gyro orders 
left rudder until the torpedo crosses the gyro 
course. And then it orders right rudder until 
the torpedo crosses the course again. The 
rudder rarely stays in one position longer than 
a second or two. 

The ACR Circuit is a timer that keeps track 
of how long the rudder stays in one position. 
And if the rudder stays in one position long 
enough to make the torpedo tum through an angle 
of 90°, the ACR Circuit shuts off the motor. Then 
the torpedo sinks. 

After the torpedo has reachedasafedistance 
from the firing ship, the ACR Circuit goes out 
of action. Then the torpedo is free to circle, 
if necessary, to Chase its target. 

SC (SAFETY CUTOUT) CIRCUIT.-The SC 
Circuit gives added safety. If you accidentally 
set the enabling distance at zero, or if trouble 
develops in the ACR Circuit, then the SC 
Circuit will stop the torpedo’s motor. And the 
torpedo will sink. 

DEPTH DISARMER.—This is another safety 
feature that you'll find on some homing 
torpedoes. It opens the Circuit to the exploder 
detonator when the torpedo crosses a certain 
depth. To see how it works, let’s think of a 
submarine, deep in the water, firing a torpedo 
at a surface target. As long as the torpedo is 
below a certain depth— say 60 feet—the detonator 
Circuit is open. In its final attack run, when the 
torpedo rises above 60 feet, the detonator 
Circuit closes; the exploder will operate when the 
torpedo hits the target. As long as the submarine 
stays below 60 feet, it’s safe. The torpedo 
can’t explode if it strikes a target deeper than 
60 feet. 

When a surface ship fires a torpedo at an 
enemy surmarine, it uses a different type of 
depth disarmer. With this one, the torpedo 
exploder is armed when it’s BELOW 60 feet, 
and disarmed when it’s above that depth. With 
this one, surface ships are safe. The exploder 
can’t work until the torpedo gets down into 
submarine territory. 


TYPES OF ADVANCED UNDERSEAS 
WEAPONS 

Naval torpedoes differ from each other in 
several ways, including (1) the source of pro- 
pulsion, (2) the method of controlling the torpedo 
during its travel through the water, (3) the 
target against which it is used, and (4) the type 
of vessel from which it is launched. In chapter 
1 we gave you a brief description of the air- 
steam torpedoes that are in use. Here we’ll 
give you a brief general description of the 
advanced underseas weapons that are in the 
Fleet today. By the time this book goes to 
print the re may be others in the Fleet. But, 
as we have already told you, because of security 
reasons we are greatly limited in what we can 
say about any of these weapons. 

Mk 32 

The Mk 32 is an A/S torpedo with active 
acoustic homing features. This means that it 
has in effect a built-in sonar System. It 
radiates sound pulses which are reflected from 
the target. You have already been told the part 
the transducer plays in causing the torpedo to 
be steered toward the source of the echo. The 
torpedo is electrically driven. The homing action 
does not begin until the torpedo has sunk to a 
preset depth below the launching vessel. Figure 
18-2 shows a Mk 32 torpedo being thrown over 
the side of a destroyer by a Mk 2 launching 
System. This torpedo does not require a tube for 
launching. 

Mk 35 

The Mk 35 is another type of A/S acoustic 
homing torpedo, fired from fixed tubes. After 
being fired, the torpedo goes a certain distance 
(the enabling run) at the end of which the homing 
guidance System is activated and the torpedo 
goes into a spiral, zigzag, or other search 
patterns. When the target is detected, the 
torpedo steers toward it. 

Mk 39 

The Mk 39 is a wire-guided torpedo. It is 
launched from a tube, and for part of its run it 
is guided by signals communicated over a fine 
wire that links it to the launching vessel. After 
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Figure 18-2.—Mk 32 homing torpedo being 
launched overboard by a Mk 2 launching 
system. 


detecting its target it homes on the target 
without further reference to signals from the 
launching vessel. The Mk 39 at present is 
intended for submarine launching only. Figure 
18-3 is an artisfs conception of this torpedo 
just after launching. 



4.223 

Figure 18-3.—Artisfs conception of a 
wire-guided torpedo. 


ASROC 

The ASROC (AntiSubmarine ROCket) is a 
rocket-type missile, launched from surface 
vessels. The payload in this ASROC may be 
either a torpedo or a depth charge. The missile 
is capable of delivering the weapon to a target 


area a great deal further from the launching 
vessel and requires the most improved Sonar 
system to detect the target. The effective area 
in which the weapon can be delivered is many 
times greater than that possible with conven- 
tionally launched torpedoes. And after reaching 
the target area, the torpedo searches for its 
target. 


QUIZ 


1. Explain the difference between active and 
passive homing torpedoes. 

2. Why do some homing torpedoes ha ve only a 
single propeller? 

3. What features help to make a homing torpedo 
quieter than an air-steam torpedo? 


4. Explain the difference in operation of the 
transducer and the hydrophone. 

5. Explain the job of the enabling feature. 

6^ What is the ACR Circuit? What does it do? 
7. Teli what the SC Circuit does. 
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SAFETY 


This is an important chapter. In it we will 
list some oi the safety regulations and precau- 
tions we think are important. Use this chapter 
constantly to check up on your safety habits. 
We also suggest that you go through the safety 
rules listed in the OPs for each torpedo and read 
the U. S. Navy Safety Precautions Manual. Then 
read the safety orders inU. S. Navy Regulations 
and the Bureau of Ordnance Manual. 

Those of you engaged in electrical and 
electronic work should be fully informed of 
the hazards involved. You should receive spe- 
cial instructions in accident preventionandfirst 
aid procedures. 

Although the subjects of electricity and 
electronics are in fact inseparable, and precau¬ 
tions for one automatically become precautions 
for the other, the present-day, wide use of 
some electronic devices has made electronics 
commonly thought of as a field in itself. This 
thought also prevails in your rating, but ours 
will be a joint discussion. For full discussion 
of safety precautions in both electricity and 
electronics, we call special attention to U. S. 
Navy Safety Precautions, OPNAV 34P1, chapter 
18. Here we will give you only some of the 
general precautions common to both. 

Most safety precautions will fall into one 
of three classes: (1) those that keep your 
torpedoes and equipment in working order, (2) 
those that protect your torpedoes and equipment 
from physica! damage, and (3) those that protect 
personnel from injury or death. Obviously, the 
last one is the most important. 

In this chapter we have not divided the 
precautions into classes. All of them are 
important. In battle action, the difference prac- 
tically disappears. A dud torpedo, or adamaged 
torpedo tube, can endanger the life of every 
man aboard. 

You are responsible for your own safety 
and the safety of the equipment you work with. 
As you advance in rating, you will have more 
and more men working under your supervision. 


You will be responsible for their safety, too. 
Remember, enforcing safety precautions is one 
of your most important duties. If a man handles, 
say, Navol, carelessly, he is risking his life. 
But if you see him handle Navol carelessly, 
and do nothing to stop him, then YOU are 
risking his life. 

Familiarity often leads to carelessness. 
So, as you gain experience and become more 
experienced with acids, explosives, compressed 
air, electricity, and electronics, you’11 have 
to fight the tendency to become careless. Keep 
fighting carelessness until safety becomes a part 
of you, and a habit you can’t break. Remember, 
most safety rules have grown out of some past 
casualty. By following the rules in this course 
and the OPs you can prevent future casualties. 

GENERAL RULES 

1. If you don’t under st and the exact meaning 
of any safety order, ask your senior petty 
officer what it means. If he doesn’t know 
he will find out through the Chain of command. 

2. If you find any conditions that conflict 
with the safety orders, or make it advisable to 
change the safety orders, report the matter to 
your immediate superior, who will follow through 
with the necessary action. 


ELECTRICITY AND ELECTRONICS 

Here are some precautions common to both 
electricity and electronics. 

1. Do not work on electric or electronic 
apparatus with wet hands or while wearing wet 
clothing. 

2. When performing work on electrical or 
electronic equipment, do not wear any clothing 
with exposed zippers, buttons, or other metal 
fasteners. 

3. Remove rings, wristwatches, bracelets, 
and other similar metal items before performing 
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work on, or within four feet of, equipment with 
current-carrying parts. 

4. Wear rubber gloves when you are likely 
to come in contact with conductors or current- 
carrying parts of equipment in the course of 
your work. 

5. Except when work is being done, keep 
covers for fuse boxes, junction boxes, switch 
boxes, and other types of wiring equipment and 
accessories securely closed. 

6. Keep machinery absolutely clean and 
free of all such deposits as oil, grease, carbon, 
and dust. 

7. E you are using electrically powered 
tools such as drills, grinders, scalinghammers, 
and sanders, make certain that a proper ground 
connection is provided. 

8. Remove or replace fuses only after the 
Circuit has been completely deenergized. 

9. When a Circuit is to be checked, the live 
wire lead side should first be tested with a 
voltmeter, voltage tester, or test lamp. Then 
test the dead side with the same device, and then 
test the live side again. 

10. Before you touch a capacitor which is 
connected to a deenergized Circuit, or which is 
disconnected entirely, short-Circuit the ter- 
minals to make sure that the capacitor is 
completely discharged. 

11. Do not expose vacuum tubes unneces- 

sarily to possible damage. (CAUTION: Be 
careful when handling broken tubes containing 
contamination material.) 

12. Energized high voltage output circuits 
should not be broken except when absolutely 
necessary and authorized by a qualified officer. 

13. When you work with the battery, or any 
part of the battery Circuit, use insulated tools. 

14. Don’t smoke around the battery compart- 
ment. 

15. Ventilate the battery compartment 
before you make or break any electrical con¬ 
nection inside it. 

16. Always keep the deck dry and insulated 
with a rubber mat when working electrical 
equipment. 


MAGAZINES AND EXPLOSIVES 

1. Safety orders and instructions shall be 
posted in a conspicuous place in each part of 
the ship where ammunition is stored or handled. 


All personnel are required to study and under- 
stand the se instructions. 

2. Never stow anything in amagazine except 
explosives, containers, and authorized magazine 
equipment. 

3. Magazines must be absolutely clean and 
dry at all times. Be especially careful to keep 
them free of oily rags, waste, and other materials 
susceptible to spontaneous combustion. 

4. Don’t take naked lights or matches (or 
anything else that can make a flame) into a 
magazine or any other compartment that contains 
explosives. 

5. Before you do any work that will cause 
an abnormally high temperature or intense local 
heat in a magazine, or in any other compartment 
that contains explosives, you must first remove 
the explosives to safe storage. Keep them 
there until normal conditions have been restored. 

6. During action and during target practice, 
the magazine blowers must be shut down. 
Covers of both the supply and exhaust branches 
to the magazines must be closed. 

7. Detonators and warheads must never be 
stowed in the same magazine compartment. 

8. Intense heat will detonate high explo¬ 
sives. Protect torpedo warheads from intense 
heat at all times. 

9. Don’t assemble any detonator, or any 
firing mechanism that contains a detonator, into 
a warhead that is stowed in or near a magazine 
containing explosives. 

10. Take no ammunition from the magazine 
except that needed for immediate use. 

11. Always keep black powder by itself. 
Never take out more than is needed for immediate 
use. And never open a Container of black powde r 
in a magazine, or near any Container that holds 
explosives. 

12. Keep pyrotechnic material by itself, 
in regular pyrotechnic storage spaces or in 
pyrotechnic lockers on the upper decks. When 
you use it, expose the least possible amount. 

13. Keep the outsides of cast TNT containers 
free from exudate. Don’t let the exudate accu¬ 
mulate on decks, or come in contact with wood, 
linoleum, or other materials it can soak into. 
Remove TNT exudate before it hardens. Never 
scrape it up with a Steel scraper, and never 
use soap or an alkaline solution. You can 
usually remove the exudate with plain water and 
a stiff brush. E the exudate has hardened, 
use trichlorethylene as a solvent. 


268 


Digitized by 


Google 



Chapter 19—SAFETY 


14. Never keep electric detonators in a 
compartment with or near radio apparatus or 
radio antenna leads. When installing explodere 
and arming devices, ensure radio and radar 
transmittere are off. 

15. When you test a primer outside of a 
closed firing lock, never use a magneto, or any 
device that can possibly supply enough current 
to fire the primer. 

TORPEDOES, TORPEDO AIR FLASKS, 
AND ACCESSORIES 

1. When any torpedo material is damaged, 
report it through channels to BuWeps. (That 
will enable BuWeps to issue instructions to 
prevent similar damage on other ships.) 

2. Never make any change or alteration in 
torpedoes, or torpedo equipment, or in any other 
ordnance device, without specific authorization 
from BuWeps. 

3. When a safety device is providedforuse 
during any operation, it MUST be used when you 
are performing that operation. Keepyour safety 
devices in good condition; they mustbeoperable 
at all times. 

4. When a torpedo is turned while it’s on 
a truck or in chocks, listenforabnormalsounds. 
If you hear such sounds, find the cause and 
correct it. 

5. Never use the torpedo tail to tum the 
torpedo. Always use the sluing tool and strap 
provided for that purpose. 

6. Keep the propeller locks in place on 
the torpedo except when you’re loading it into 
a tube for firing, or test-running the engine. 

7. Never leave a torpedo on trucks or 
chocks, or in atube, withoutproperly securing it. 

8. When you handle an air-steam torpedo, 
always apply the straininliftingtothe reinforced 
portion of the air flask. 

9. Keep the chain falis or purchases used 
for hoisting torpedoes in good condition. 

10. When you do any work on a torpedo tube 
that requires drilling the tube, always remove 
the torpedo from the tube before you start the 
work. 

11. When you’re testing torpedo engines, 
never run them at full speed in the torpedo. 
Before you test-run an engine, make provision 
for shutting it off quickly. 

12. Hot' runs of torpedoes shall be made 
ONLY in the course of normal launching from 


tubes or aircraft, or in approved dynamometer 
tanks. Hot running of torpedoes under any other 
conditions is strictly prohibited. 

13. When you transport gyro gears from one 
place to another in the same vicinity, carry or 
pass them by hand, with great care. 

14. The gyro must never be installed in 
the gyro mechanism during transportation or 
storage. 

15. Torpedo air flasks shall never be 
charged with air to exceed the designated working 
pressure stamped on the flask. When the' 
prescribed working pressure is for any reason 
altered, the new pressure designated shall be 
stamped on the flask near the charging valve. 

16. The artificial cooling of torpedo air 
flasks during or after charging by sprayingwith 
water or by flooding the torpedoes in the tubes 
is prohibited. 

17. Any cutting of torpedo air flasks, accu- 
mulators, piping, or other receptacles for 
compressed air is prohibited. 

18. Torpedo air flasks in a fully charged 
condition shall notbe transported, hoisted from 
one deck to another, struck below, etc., except 
when it is not possible to perform the operation 
efficiently and expeditiously with the air flasks 
partially changed. 

19. In recovering a torpedo from the water 
the propeller lock shall be put on at the first 
opportunity and kept on until the torpedo is 
safely landed. Follow OP instructions because 
not all torpedoes have propeller locks. 

20. Because the filling material used in 
torpedo torch pots ignites spontaneously or 
forms poisonous gas when combined with water, 
or subjected to moisture, take extreme care to 
follow existing BuWeps instructions concerning 
the handling of torch pots. 

21. The use of electronically controlled 
torpedoes involves hazards of mechanical in¬ 
juries, electrical shock or burn, acid buras, and 
hydrogen explosion or combustion. BuWeps 
instructions prescribe effective measures to 
prevent accidents. Rigidly adhere to them at all 
times. 

EXERCISE FIRING 

1. Exercise firing should be done only 
under favorable weather conditions. This mini- 
mizes the chances of losing the torpedo wake and 
of damaging the torpedo during recovery. 
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2. Whenever possible, exercise torpedoes 
should be fired early in the day so there will 
be plenty of time to recover them during day- 
light. 

3. A torpedo shall not be fired if it is 
in such condition that it will probably be lost. 

4. During exercise firing, the diving boat 
must be fully equipped and ready for Service 
(if the water is shallow enough for diving). 

5. Never fire a torpedo when a diver is 
down. Wait until he is up and ciear of the range. 

6. In recovering a sunken torpedo, the 
diver must close the stqp valve and put on the 
propeller lock if it’s possible to do so. 

7. When you go alongside a floating torpedo 
in a boat, be careful to keep the torpedo ciear 
of the boat propeller. 

8. When you open or ventilate the afterbody 
of a Navol torpedo after recovery, be sure that 
no flame or naked lights are present. After a 
cold run or a partial cold run, an explosive 
mixture of oxygen and fUel vapor often filis the 
afterbody and exhanst spaces. 

9. When you remove the torch pot from an 
exercise head after an exercise run, put it in 
a safe place to burn out. 

EXPLODERS 

Exploder mechanisms and detonators must be 
handled ONLY by specially trained or experi- 
enced personnel. 

CHEMICALS 

1. Never use gasoline or other volatile 
liquids for cleaning when you are in a closed 
space. 

2. When you mix battery acid, always wear 
splashproof goggles. Mix the solution in an 
acidproof Container, such as a hard rubber vat. 

3. When you mix acid and water, pour the 
acid into the water, slowly, while stirring. 
NEVER POUR WATER INTO STRONG ACID. 

4. Never handle Navol, or do any work on 
the connections of a filled Navol tank, when 
you’re alone. At least one other personfamiliar 
with Navol must be present. 

5. When you handle Navol, or do any work 
on a Navol tank, wear rubber gloves, rubber 
apron, rubber boots, and protective goggles. 
Have a Container ofcleanfresh water handy. And 
have a hose lead out, with water running. 


6. A shower head should be installed in 
any compartment in which Navol is handled 
regularly. The shower valve should beoperated 
by a pull chain, so you can tum the water on 
instantly—even with your eyes closed. 

7. When you spill Navol—even a few drops— 
on your skin or clothing, flush it off immediately 
with plenty of water. (A few drops on your skin 
can cause a painful burn. A few drops on your 
clothing may set it afire.) 

8. After an exercise run, the torpedo may 
stili contain a quantity of Navol, especially if 
the run was short. Drain the Navol into a 
Container until the Container is one-fifth tali. 
Then shut off the drain valve. Dilute the 
Navol with as much water as the Container will 
hold without stopping. Then dump the mixture 
into the sewer or drainage line. 

9. Don’t let Navol mix with any other tael 
or tael vapor. These mixtures form highly un- 
stable explosives. If such a mixture occurs, 
flush with large quantities of water (preferably 
fresh). Never pour it into a drain or sewer 
without diluting it. 

10. Keep Navol tanks, fittings, pipes, and 
other implements and containers free of dirt, 
oil, grease, and other contamination. 

11. When you connect Navol tank leads on 
a tali tank, allow for ship motion or other 
factors that might cause spillage. 

12. Touch Navol containers frequently to 
detect any abnormal changes in temperature. 

13. If a Navol fire occurs, extinguish it 
with large quantities of water. Smothering-type 
extinguishers such as CO 2 will donogood, since 
Navol tarnishes its own oxygen. 

14. Navol tanks and shipping drums are 
made of aluminum. They have verylittlestruc- 
tural strength. Handle them carefully. 


DEPTH CHARGES 

1. Current instructions teli how to prevent 
accidental arming or launching of depthcharges 
in storage or in handling. But safe practice 
requires that when you handle a depth charge, 
you should handle it as if it were armed. 

2. Never remove, disassemble, repair, or 
alter the firing mechanism, or primer mech- 
anism of a depth charge, except in accordance 
with special orders or current instructions from 
BuWeps. 
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3. Detonators that are not assembled with 
fuzes shall be stored in Standard type detonator 
lockers located in approved places. In large 
surface craft and submarines, these places 
shall be below the water line or protective 
deck. In small surface craft, they maybeabove 
the weather deck or in the mast. 

4. Defective depth charges, and aircraft 
bombs shall be turned in to an ammunition depot 
at the first opportunity. 

5. Night markers or torch pots that misfire, 
or that have been in the water, shall notbe 
taken on board ship, or into any building or 
structure ashore. 

6. If you must enter a concentrated smoke 
cloud, wear a gas mask. 


DEPTH CHARGE PROJECTORS 


Projector Mk 6 Mods 1 and 2 

1. Before you load an arbor and depth 
charge, make sure the breech is open. 

2. Until the breech is closed and locked, 
see that (a) the firing key or switch is open at 
the control station, or that (b) the firing cable 
at the firing pin is disconnected. 

3. Don’t keep a cartridge in the breech 
chamber except when the ship is in a danger 
area. 

4. Do not fire a projector if water or oil 
has collected in the expansion chamber. 

5. Keep the depth charge pistols set on 
SAFE until you are ordered to prepare the 
charge for firing. 

6. Do not snap the firing pin unnecessarily, 
especially when the chamber is empty. 

7. TEST THE ELECTRIC CIRCUIT ONLY 
WHEN THE BREECH IS OPEN. 

8. Be careful not to hit the firing pin 
accidentally while a cartridge is in the chamber. 
A light blow on the firing pin may explode the 
cartridge. 

9. H a misfire occurs, wait 10 minutes 
before you open the breech. Then, as you open 
it, stand to one side. 

10. Before you do any workon the projector, 
see that the breech is unloaded. 

11. Don’t tie a depth charge safety fork 
to the projector or to any part of the ship’s 
structure. 


Projector Ammunition 

1. When any projector charge is so rusted 
or damaged that ship’s personnel can’t fix it, 
it should be turned in as soon as possible to a 
shore activity issuing that type of ammunition. 

2. Inspect daily the ammunition on the 
spigots and in the ready boxes. See that the 
fuzes have not be come armedorpartially armed. 
And see that the safety pins are properly as¬ 
sembled in the fuzes. 

3. if you find an armed fuze, make it safe 
for handling by carefully screwing the arming 
vane backward (counterclockwise as you look at 
the nose of the fuze). Tura it as far as it 
will go without forcing. If the plug has become 
unscrewed from the fuze body, carefully screw 
the plug body clockwise (looking at the nose 
of the fuze) as far as it will go. Don't jar or 
move the fuze until it has been made safe. After 
you’ve made an armed fuze safe for handling, 
gently lower the charge into deep water. (If 
there is a bomb-disposal officer available, he 
will take charge of this operation.) 

4. Don’t try to remove an armed fuze from 
a projector charge. 

5. Never grasp a fuze by its arming vane. 
When you install a fuze in a projector charge, 
don’t use a pipe wrench or any other tool on 
the plug, setback collar, or arming vane. (H 
you do, you may arm the fuze.) 

6. Do not assemble fuzes to charges until 
just before you put them in ready stowage, or 
until just before loading. 

7. Never interchange bodies and tails of 
charges. Remember that the weight of the pro¬ 
pellent depends on the overaU weight of each 
charge. 

8. Never do any overhaul work on a pro¬ 
jector charge without first removing the fuze. 

9. Don’t let anyone tamper with a fuze. 

10. Lower the charges on the spigots gently, 
and make sure each charge is seated; give each 
charge a 360® tura after it is in place. 

11. Leave the fuze caps and safety pins in 
place until just before firing. 

12. Do not discard the fuze caps and safety 
pins until after the charges are fired. 

13. When use of the projector is no longer 
imminent, replace the fuze caps and safety pins. 

14. If a charge remains on a spigot after 
completion of the firing cycle, keep the firing 
key closed, tura the ripple switch clockwise 
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through its full rotation, and then release it. 
If the charge stili remains on the spigot, treat 
it as a hangfire. 

15. In case of misfires or hangfires, keep 
all personnel at a safe distance, regardless of 
whether the safety plug and the firing key have 
been disconnected. 

FIRST AID 

A knowledge of first aid is one of your 
military requirements. Since this course is 
intended to be a professional guide rather than 
a military guide, we won’t give the subject 
much space here. But we hope you’11 re-read 
this chapter at regular intervals. For that 
reason we’ll briefly discuss the first aid tech- 
niques you’re most likely to need in the torpedo 
shop. These are the treatment for burns (includ- 
ing Chemical and electrical burns), and the 
treatment for electric shock. 

By following all the safety rules, and by 
seeing that the men under your supervision 
follow them too, you can reduce the chances 
of a serious accident almost to zero. But 
accidents sometimes happen evento men who are 
being careful. And when an accident happens, 
quick first aid will often save a life. 

First aid is the temporary treatment you 
give to an accident victim while you’re waiting 
for the medical officer or hospital corpsman 
to arrive. Its purpose is to prevent any further 
injury, and to tum the victim over to the medical 
officer in the best possible condition. 

H you’re the senior petty officer present 
when an accident occurs, take charge at once. 
Send someone for the medical officer or hospital 
corpsman. But don’t go yourself. The victim 
needs all your attention at once. Of course 
you have to know what to do, and you have to 
know BEFOEE the accident happens. If a man 
spills sulfuric acid on his arm, you won’t 
have time then to read a book to find out what 
to do. If you act fast, there will probably be 
no permanent effects. If you delay, he may be 
scarred for life. 

CHEMICAL BURNS 

The first treatment is to get the Chemical 
off the victim’s skin, to keep it from doing any 
further damage. Flush it off with water—LOTS 
OF WATER. If the Chemical is Navol, treat the 


burn as you would any other burn. (See below.) 
If it’s an acid or an alkali, you’11 have to 
NEUTRALIZE it before you apply the usual burn 
treatment. 

To neutralize an acid, flush with soap suds, 
or lime water, or a solution of baking soda in 
water. (But DON’T use washing soda; washing 
soda itself can cause a burn.) To neutralize an 
alkali, flush with vinegar, or a solution of 
lemon juice in water. 

When a man splashes Chemical in his eyes, 
he needs FAST treatment. A few seconds delay 
can mean the difference between recovery and 
blindness. The first treatment of course, is 
lots of water. H you’re near a scuttlebutt 
that squirts a stream of water upward, have 
the victim lean over it and squirt water into 
his eyes. If there’s no scuttlebutt, have him 
lie on his back, while you pour cups full of 
water into his eyes. His eyes will probably be 
clamped shut, and he will be unable to open them. 
You’11 have to hold them open with one hand 
while you pour water with the other. 

To neutralize acid in the eyes, use a WEAK 
solution of lime water or baking soda. To 
neutralize an alkali, use boric acid solution. 
(Boric acid is one of the few acids that are 
harmless; it will not cause a bura.) 

In the last three paragr aphs we ’ ve mentioned 
several antidotes: lime water, baking soda 
solution, vinegar, lemon juice, boric acid solu¬ 
tion. You won’t have time, AFTER an accident 
to look for baking sodaor squeeze lemons. Make 
up your antidotes ahead of time. Keep them 
handy in any compartment where you handle 
acids or alkali. And see that every man in the 
shop knows where they are. 

Treatment for Burns 

For a severe burn, the proper treatment 
depends on how soon you expect medical aid 
to arrive. If you expect a doctor or hospital 
corpsman within a few hours, cover the burn 
with a pad of sterile gauze. Over the pad, put 
a layer of absorbent cotton or clean mechanic’s 
waste. Secure the dressing with a firmly 
wound gauze bandage. 

H there’s no chance that a doctor or hospital 
corpsman will arrive within 8 hours, sprinkle 
the burned area with sulfa powder. Don’t use 
more than 2 packets (10 grams). Then, VERY 
GENTLY, spread a layer of sterile vaseline over 
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the burn. Cover with a dry sterile dressing, 
and bandage it firmly in place. Finally, give 
the patient a sulfadiazine tablet to swallow. 

Whatever you do, DON’T apply strong anti- 
septics, machinery oil, or other greases. And 
don’t prick or break the blisters. A broken 
blister opens the way to infection. 

If the burn is very painful, you can admin¬ 
ister thecontentsofamorphinesyrette. (NEVER 
give morphine to an unconscious man.) The 
syrette is a collapsible tube with a hollow needle 
at one end. The needle is covered with a glass 
tube, to keep it sterile. Remove the glass just 
before you're ready to use the syrette. A 
wire loop in one end runs through the needle. 
Push the wire in to break the seal; then pull 
the wire out and discard it. 

The best place for an injection is on the 
outer side of the upper arm, or the outer side 
of the thigh. Make the injection where the skin 
is UNINJURED—not in the burned area. Paint 
the injection area with alcohol, or some other 
antiseptic. If you have no antiseptic, wash 
the area and dry it. 

Push the needle through the skin and into 
the muscle. Squeeze out the contents of the 
syrette. Then withdraw the needle, and throw 
the syrette away. Tag the man to Show that 
you've given him morphine, and record the time 
on the tag. If the first dose doesn’t ease the 
pain within an hour, give a second dose and 
record it on the tag. 

Watch the victim carefully for signs of 
shock. If shock symptoms appear, start the 
treatment at once. 

Treatment for Shock 

Shock is a depression of the vital processes. 
The nervous System loses control of the blood 
vessels. Blood circulation is poor, andthebody 
loses heat rapidly. Shock can be caused by an 
electric current, by a burn, or by any serious 
injury. 

If the shock is severe, the patient will 
probably be unconscious. Whether he’s con- 
scious or not, his breathing will be faint and 
irregular, his pulse weak and fast. His skin 
will feel damp and cold. His face will be pale, 
and if he’s conscious he will probably look 
scared. 

Stretch the victim out on his back in the 
most comfortable place you can find. (But 


don’t take the time to move him more than a few 
feet.) Loosen any tight clothing. Keep him 
comfortably warm without overheating him. 
Wrap him in coats or blankets, if necessary, 
and wrap them around so that they are under- 
neath him, too, not .just spread out on top. H 
you use hot water bottles, test them first 
against your face to make sure they aren’t too 
hot. 

If the victim is conscious, you can give 
him a warm drink— coffee, te a, chocolate, or 
warm water. But DON'T try to make him drink 
if he’s unconscious. 

ELECTRIC SHOCK 

In cases of electric shock, the first step 
is to remove the victim from the source of 
current. When you get an electric shock, you 
leap away automatically. When you get a shock 
on the hand, you snatch your arm away by 
reflex action, even before you realize what’s 
happened. You may have heard that an electric 
current will sometimes "grab” the victim, and 
hold him tight. That is PURE SUPERSTITION. 
No electric current has ever grabbed anybody. 

But the superstition has some basis in fact. 
There are two situations in which the victim may 
be unable to get away from the current under 
his own power. He may be knocked un¬ 
conscious—either by the current or by bumping 
something in his effort to get away from it—and 
fall across the hot wire or connection. Or, if he 
has grasped a hot wire, the current may have 
contracted the muscles of his hand so that he 
can’t open it. (In that case the victim has 
grabbed the current; the current hasn’t grabbed 
him.) 

H either of those things has happened, get 
him away from the current at once. Shut off 
the power at the source, if that’s possible; if 
not, use a wooden board or pole to push the 
wire away from the victim. You’11 have to be 
extremely careful not to become a victim your- 
self. Don't stand where it's wet. If there’s 
water on the deck, stand on a dry board, or a 
mattress, or a pane of glass. Don't touch the 
victim with your bare hands while he 's in contact 
with a hot connection; the current will flow 
through his body and then through yours. H 
you have to pull him away from the current 
source, wear heavy rubber or asbestos gloves. 
If no gloves are available, protect yourself 
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with several thicknesses of dry blanketor heavy 
clothing. 

The victim of an electric shock will probably 
show the usual shock symptoms. Give him 
the same treatment you would for any other 
kind of shock. His skin may be burned at the 
point of contact. Treat this bura the same as 
you would any other burn. After a severe 
electric shock, the victim may stop breathing. 
If breathing stops, forget about the shock and 
the burn; START ARTIFICIAL RESPIRATION 
AT ONCE. And don’t stop until the victim begins 
to breathe naturally, or until the medical officer 
or hospital corpsman takes over. 

ARTIFICIAL RESPIRA TION 

There are three methods of artificial respi- 
ration used in the Navy—the mouth- to - mouth 
(or mouth-to-nose), the back-pressure armlift, 
and the back-pressure hip-lift methods. 

The mouth- to - mouth technique is the most 
practical method for emergency ventilation of 
an individual of any age who has stopped breath¬ 
ing, in the absence of equipment or help from 
a second person, regardless of the cause of 
cessation of breathing. 

First aid trained Torpedoman’s Mates do 
not usually have the experience, training, and 
essential equipment to determine whether or not 
the lack of breathing is a resuit of disease or 
accident. Therefore, some form of artificial 
respiration should be started at the earliest 
possible moment. 

Any procedure that will obtain and maintain 
an open air passageway from the lungs to the 
mouth and provide for an alternate increase and 
decrease in the size of the chest, internally 
or externally, will move air in and out of a 
nonbreathing person. The mouth-to-mouth (or 
mouth-to-nose) technique has the advantage of 
providing pressure to inflate the victim’s lungs 
immediately. It also enables the rescuer to 
obtain more accurate informationonthevolume, 
pressure and timing of efforts needed to inflate 
the victim’s lungs than are afforded by other 
methods. 

When a person is unconscious and not breath¬ 
ing, the base of the tongue tends to press against 
and block the upper passageway. The procedures 
described below should provide for an open air 
passageway when a Ione rescuer must perform 
artificial respiration. 


Mouth-to-Mouth Rescue Breathing 

If there is foreign matter in the mouth, 
such as dirt, false teeth, tobacco, or chewing 
gum, wipe it out quickly with your fingers or a 
cloth wrapped around your finger. 

1. Tilt the head back so the chin is pointing 
upward (1 in figure 19-1). Pull or push the 
jaw into a jutting-out position (2 and 3 in 
figure 19-1). These maneuvers should relieve 
obstruction of the airway by moving the base 
of the tongue away from the back of the throat 

2. Open your mouth wide and place ittightly 
over the victim’s mouth. At the same time 
pinch the victim’s nostrils shut(4infigure 19-1) 
or close the nostril with your cheek, as shown 
in 5 of figure 19-1. Or, you can close the 
victim’s mouth and place your mouth over his 
nose (6 in figure 19-1). Air may be blown 
through the victim’s teeth, even though they 
may be clenched. The first blowing effort 
should determine whether or not obstruction 
exists. 

3. Remove your mouth, tum your head to 
the side, and listen for the retura rush of air 
that indicates air exchange. Repeat the blowing 
effort. 

4. If you are not getting air exchange, re- 
check the head and jaw position (1 and 2 in 
figure 19-1). If you stili don't get an air ex¬ 
change, quickly tura the victim on his side and 
administer several Sharp blows between the 
shoulder blades in the hope of dislodging matter 
( 7 in figure 19-1). Again sweep your finger 
through the victim’s mouth to remove foreign 
matter. 

Those who do not wish to come in contact 
with the victim may hold a cloth over the 
victim’s mouth or nose and breath through it, 
or he may use a plastic airway which has been 
especially designed for this purpose. 

Back-Pressure Arm-Lift Method 

This is an alternate method. Tura the victim 
face down. Bend both his elbows, and put one 
of his hands over the other. Tura his face so 
that it rests on his hands. Sweep your fingers 
through his mouth to remove anything that may 
obstruet his breathing. Bring his tongue foward, 
so it can’t clog the air passage. 

Kneel at the patient’s head, facing him, 
with your knee close to his head. Put your 
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Flgure 19-1. —Mouth-to-mouth rescue 
breathing. 

foot near his elbow. If you find it more 
comfortable, you can kneel on both knees, one 
on each side of his head. When you get tired 
you can change from one knee to the other, or 
from one knee to both. 

Place your hands on the patienfs back, just 
below his shoulder blades, with your fingers 
spread down and out, and with your thumb tips 
nearly touching. Part A of figure 19-2 shows 
the right position. Study the picture carefully 
to be sure you don’t get your hands up too high 
on the patienfs back. 

Now rock forward until your arms are nearly 
vertical. Let the weight of the upper part of 


your body apply a slow, steady pressure. Keep 
pressing until your hands meet firm resist- 
ance. (This action compresses the patienfs 
chest, and forces air out of his lungs.) Keep 
your elbows straight, and your arms nearly 
vertical, as in part B of figure 19-2. Don’t 
push too hard, and don’t apply any sudden 
pressure. 

Release the pressure quickly, by peeling 
your hands off the patienfs back. You may be 
tempted to give an extra push just before you 
remove your hands. But don’t do it. 

Now rock backward. Let your hands come to 
rest on the patienfs arms, just above his 
elbows. (C in figure 19-2.) As you rock back, 
pull his arms up and toward you. Keep your 
arms nearly straight. (D of figure 19-2.) Lift 
until you feel resistance and tension in the 
patienfs shoulders. Your lifting action relieves 
the weight on the patienfs chest; his chest 
sags, and draws air into his lungs. 

Now lower his arms totheiroriginal position. 
This completes one cycle. Repeat this cycle 
about 12 times a minute—once in 5 seconds. 
The exact timing isn’t important. But keep a 
smooth, steady rhythm. 

Back-Pressure Hip-Lift Method 

This is another alternate method. Ifs 
fully as effective as the first one, but ifs 
more tiring for the operator. Use it when 
there isn’t room for the arm-lift method, or 
when the patienfs arms, chest, neck, or 
shoulders have been injured. 

Tum the victim face down, with his elbows 
bent and his face restingon the back of one hand. 
Stretch out his other arm, with his hand beyond 
his head. Figure 19-3 shows the right position. 
Sweep your fingers through his mouth to clean 
out anything that might obstruet his breathing. 

Kneel on either knee, straddling the patient 
near his hips. Place your hands on his back, 
below the shoulder blades, with your fingers 
spread out and down, and your thumb tips 
nearly touching. Be carefulnotto get your hands 
too high up on his back. (Part A of figure 19-3.) 

Now rock forward, and let your weight force 
the air out of the patienfs lungs. Keep your 
arms straight, and nearly vertical. (B of 
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(D) LIFT PHASE 


4.225 


Figure 19-2.—Back-pressure arm-lift method. 


figure 19-3.) Don’t exert any sudden or exces- 
sive pressure. Release the pressure quickly, 
without any extra final push. 

Rock back. Slip your hands under the 
patienfs hips, as in part C of figure 19-3. Do 
NOT grasp him by the waist. If you can’t feel 
the hip bones, your hands are in the wrong 
place. 

Lift the victim's hips 4 to 6 inches. (Figure 
19-3, part D.) This lets his abdomen sag, 
and draws air into his lungs. Keep your elbows 
straight as you lift, so that muscles of your 
back and shoulders can do the work. You'11 
find this less tiring than lifting with your 
arms. 

Finally, lower the victim's hips. This com- 
pletes one cycle. 

As with the arm-lift method, repeat the 
cycle about 12 times a minute, and keep up 
a steady rhythm. 


General Rules 

Here are a few rules that apply to all 
methods of artificial respiration. 

First of all, don't give up. Start artificial 
respiration immediately, and keep it up without 
interruption until the patient is breathing 
normally, or until he is pronounced dead by a 
medical officer. 

Keep him suitably covered, so that he won’t 
die of exposure. 

Don't let bystanders crowd around. 

As he begins to revive, he will begin to 
get back his color. Then his muscles may 
begin to twitch, and his fingers to scratch and 
clutch. Sometimes swallowing movements are 
the first sign of returning respiration. His 
first attempt to breathe will probably be a 
sigh or a faint catch of breath. Be careful not 
to exert pressure when the patient is trying to 
get his first breath. If he begins to breathe on 
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Chapter 19—SAFETY 



4.226 


Figure 19-3.—Back-pressure hip-lift method. 


his own, adjust your timing to help him. Syn- 
chronize your efforts with his. 

REFERENCES 

Bureau of Ordnance Manual. 


U. S. Navy Regulations. 

U. S. Navy Safety Precautions, OP 34P1. 
Navol Safety Precautions, OP 2116. 


QUIZ 

This quiz includes only a few sample questions on safety—it is by no means complete. In 
fact, making a quiz on a chapter such as this one is difficult because everything in it is important. 
You will probably do better if you go through the chapter and ask yourself why each precaution 
is necessary. 


1. Where, other than in this chapter, can 
you find lists of safety precautions? 

2. If you don*t understand the exact meaning 
of a safety order, what should you do? 

3. If you have suggestions for improving or 
adding to a safety order, what should you do? 


4. Under what conditions may you make an 
alteration in torpedoes or torpedo equip- 
ment? 


5. When is hot running of torpedoes on deck 
permitted? Why? 
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6. What liquids may be used to clean the 
inside of the air flask of air-steam tor- 
pedoes? 

7. What precautions should you observe when 
you mix acid with water? 

8. What should you do if you spill Navol 
on your skin? 


9. What should you do with defective depth 
charges? 

10. Name the three methods of artificial res- 
piration discussed in this chapter. Which 
is the preferred method? 
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ANSWERS TO QUIZZES 

Chapter 1 
INTRODUCTION 


1. Naval ordnance is the Science of arms and 
armor used by the Navy. It deals with all 
the weapons the Navy uses to destroy or 
disable an enemy, Naval underwater ord¬ 
nance is the Science of destroying or dis- 
abling an enemy vessel by means of an 
underwater explosion. 

2. The three most important weapons of under¬ 
water warfare are the torpedo, depth charge, 
and mine. 

3. The three BASIC components of a torpedo 
are (1) a charge of explosive, (2) a power 
piant, and (3) control mechanisms. 

4. Step-by-step instructions for torpedo over- 
haul may be found in the OP covering that 
particular torpedo or the latest BuWeps 
instructions on that torpedo. 

5. Your duties are most likely to be torpedo 
overhaul. 

6. The torpedo repair officer will be your im¬ 
mediate superior officer. 

7. A torpedo can do more damage than a pro- 
jectile with the same weight of explosive 
because it explodes under water. When a 
projectile explodes, a part of its for ce is 
absorbed by the surrounding air. But water 
is practically incompressible. When the 
torpedo explodes, the water transfers the 
full force of the explosive shock wavetothe 
hull of the target ship. 


8. The five sections of the air-steam torpedo 
are the head section, air flask section, 
midship section, afterbody, and tail. 

9. The air flask section and the midship sec¬ 
tion are permanently joined. 

10. The three types of heads are the warhead, 
the exercise head, and the war-exercise 
head. The warhead is used oh a real war 
run; the exercise head is used on a test 
shot or firing for practice; and the war- 
exercise head is used on a run to test the 
torpedo exploder mechanism. 

11. The two types of exploder mechanisms are 
the contact type and the influence type. 
The contact type explodes when the torpedo 
strikes a solid object; the influence type 
contains an electronic mechanism that oper- 
ates when the torpedo passes UNDER a 
large mass of iron or Steel. 

12. The Mk 14 Mod 3A and Mk 15 Mod 3 have 
adjustable speed. 

13. The two control mechanisms are the steer- 
ing mechanism and the depth mechanism. 

14. The three principal ways to launch a tor¬ 
pedo are by firing it from a tub*e, launching 
it from a rack, and dropping it from air craft. 

15. Torpedoes are fired from trainable tubes 
by impulse charge s of black powder. They 
are fired from fixed tubes by compressed 
air. 


Chapter 2 

BASIC SCIENCE FOR TORPEDOMAN'S MATES 


1. Matter is anything that has mass and takes 
up space. It includes all solids, liquids, 
and gases. 

2. Some of the properties or characteristics 
of matter are: impenetrability, indestruc- 
tibility, volume, weight and mass, density, 
and specific gravity. 


3. The mass of an object is the amount of 
matter in it; its weight is the force with 
which it is attracted by gravity. 

4. Density is weight per unit volume. The 
specific gravity of a substance is its density 
divided by that of a Standard substance. 
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5. The specific gravity of this alloy is its 
density (175 pounds per cubic foot) divided 
by the density of water (62.5 pounds per 
cubic foot). Answer: 2.8. 

6. Oxygen, copper, and tin are elements. The 
others are mixtures, compounds, or mix¬ 
ture s of compounds. 

7. The smallest particle of a compound that 
can exist, and stili ha ve the properties of 
that compound, is called a molecule. The 
smallest particle of an element that can 
exist, and stili have the properties of that 
element, is called an atom. 

8. The three States of matter are: solid, liquid, 
and gas. You can change a gas to a liquid, 
or a liquid to a solid by removing heat. 
You can change a solid to a liquid or a 
liquid to a gas by adding heat (unless the 
heat causes a Chemical change). 

9. Pressure: force per unit area. Work: 
for ce times distance. Energy: ability to do 
work. Power: rate of doing work. 

10. If a body is at re st it will remain at re st 
unless a force is applied to it; if a body is 
in motion it will continue to move at the 
same speed and in the same direction, unies s 
a force is applied. The contact exploder 
mechanism depends on the principle of 
inertia. 

11. It will move with a constantly increasing 
speed. 


12. 2,000 foot-pounds of work. (Work is force 
times distance. Remember that the manhas 
to carry his own body, as wellasthe weight, 
up the ladder.) 

13. Horsepower equals foot-pounds per second 
divided by 550. Answer: approximately 1.09 
horsepower. Some mules are more power- 
ful than horses.) 

14. “b” and “d” are Chemical changes. The 
others are physical changes. 

15. (a) The temperature rises. (b) The pres¬ 
sure increases. 

16. The pressure is 64,000 pounds per square 
foot. 

17. When submerged, the metal loses 64 
pounds—the weight of one cubic foot of sea 
water. Its volume is therefore one cubic 
foot, and its density is 444 pounds per cubic 
foot. 

18. (a) Negative, (b) Positive. 

19. Liquid s are practically incompressible. 
When a liquid is confined in a closed System, 
pressure applied to the liquid atanypointis 
instantly transmitted throughout the System. 

20. As you slide aeros s the seat, the nylon or 
plastic wipes some of the loose electrons 
off the seat of your pants. That lea ve s you 
with less than the normal number of elec¬ 
trons. Your body has a positive charge. The 
car has more than the normal number of 
electrons. It has a negative charge. When 
you reach for the door handle, your positive 
charged fingers have a strong attractionfor 
the extra electrons on the car. These extra 
electrons will leap to your hand, and the 
spark will sting your fingers. 


Chapter 3 

TORPEDO TOOLS AND WORKSHOP EQUIPMENT 


1. (1) Keep eachtool in its proper stowage place; 
(2) keep your tools in good condition; (3) 
keep your tool allowance complete; and (4) 
use each tool only for the jobitwas designed 
for. 

2. Overhaul and maintenance instructions in the 
OP’s teli you which tool to use in each 
step. 


3. Using the wrong tool results in faulty adjust- 
ments, and is likely to do permanent da mage 
to both the tool and the torpedo. 

4. (1) Keep each tool in its proper place; (2) 
protect your tools from rust and damage; and 
(3) keep the tool allowance complete. 

5. You can find informat ion about tools and 
equipment for the advanced underseas weap- 
ons in the OP’s for the weapons. 
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1 . 


2 . 

3. 


4. 


5. 


1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 


9. 


Chapter 4 

MILITARY EXPLOSIVES 


For many years black powder was the only 
known expio sive. 

Dynamite is made of nitroglycerin soaked 
up in some porous substance. 

Black powder is a mixture; it explodes by 
rapid oxidation— a fast burning. TNT is a 
Chemical compound. When it explodes, its 
molecules break up and recombine intonew 
compound s. 

Military expiosives may be classified by 
their composition, the nature of their reac- 
tion, their sensitivity, the way we initiate 
the reaction, and by the way we usethem in 
Service. 

In a low explosive, the change to gas is 
relatively slow; the reaction is spread 
through the explosive mass by heat. In a 
high explosive, the change to gas is ex- 
tremely fast; the reaction is spread through 
the explosive mass by a shock wave. 


6. Brisance is a measure of the shattering 
effect of an expio sion. 

7. Fulminate of mercury, lead azide, tetryl, 
TNT, and Explosive D. 

8. The two most common ways to initiate an 
explosion are by heat and by shock. 

9. A disrupting explosive is one that will give 
you a shattering effect. High expio sives such 
as TNT, RDX, and HBX are all disrupting 
explosive s. 

10. A DETONATOR is used to set offa high ex¬ 
plosive charge. When it is fired, it provides 
the shock that detonate s the main charge. 

11. The most sensitive explosive in common 
Service is fulminate of mercury. 

12. HBX has replaced TNT in torpedo warheads. 

13. TNT exudate is an explosive; don*t expose 
it to heat, shock, or friction. Don’t try to 
scrape it up. Don*t let it come in contact 
with wood, soap, or alkalies. 


, Chapter 5 

THE TORPEDO HEAD SECTION 


The types of heads for a torpedo are the 
warhead, the exercise head, and the war- 
exercise head. 

The lead balla st weight helps to give the 
torpedo proper “pull around, 99 soitwillrun 
on an even keel. 

A list, unless it's slight, will seriously in- 
terfere with rudder effects, and probably 
send the torpedo off its course. 

Fifteen degrees. 

They provide a housing for the core rod of 
the magnetic influence exploder, when it*s 
used. 

To permit the use of a magnetic influence 
exploder. 

These holes make it possible to break the 
bulkhead seal by insertion of a specialtool. 
By attaching a Steel protecting ring over the 
joint ring. 

Flask-pressure air holds the valve shut, so 
that no air is released into the exercise head. 
When the flask pressure drops to a pre- 
determined value, the valve spring over- 
comes the air pressure and opens the valve, 
and the head blows. 


10. The pinger, headlight, and torch. 

11. (a, b, and c) negative; (d) positive. 

12. It runs with a slightly nose-up attitude; the 
extra water resistance on the bottom sur- 
face keeps it from sinking. 

13. The main purpose of the exploder is to 
detonate the main charge of the warhead. 

14. They depend on the principle of inertia. 
When the torpedo is stopped or deflectedby 
striking the target, the inertia ball tends to 
keep on going in the original direction. Its 
inertia provides enough force to trip the 
trigger mechanism, or close an electric 
switch. 

15. The main explosive charge is not very sensi¬ 
tive to shock. It needs a considerable force, 
provided by a s malle r explosion, to set it off. 

16. To balance the exploder and maintain the 
proper trim. 

17. Before the exploder is armed, the detonator 
is completely enclosed in the safety cham- 
ber. If the detonator should function pre- 
maturely, the safety chamber will absorb the 
force of its explosion, and keep it from 
firing the booster charge. 
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18. During the first part of the torpedo run the 
exploder rearranges some of its parts, so 
that it becomes capable of detonating the 
warhead. 


19. The Steel of the target*s hull distorts the 
earth*s magnetic field. As the pick-up coii 
passes through this changing field, it gen- 
erates a small surge of current. 


Chapter 6 

THE AIR, FUEL, AND WATER SYSTEMS 


1. In a cold torpedo run, the energy of the 
compressed air alone spins the turbines. 
But in a hot run the compressed air is 
superheated by a burning fuel to increase 
its volume and pressure. 

2. Water is injected into the combustion potto 
keep the temperature within bounds, and to 
change some of the energy that would other- 
wise be lost as heat into useful work. 

3. Compressed air spins the turbine, blows the 
exercise head, forces fuel and water into the 
combustion flask; operate s the igniter; 
ope rates the starting. valve, which puts all 
the propelling and control mechanisms into 
operation; operates the gyro-spinning 
mechanism; operates the depthand steering 
engines; and supplies air for constant gyro 
spin. 

4. The stop valve blocks off the air in the air 
flask from the rest of the air System. 

5. The blow valve should be closed. It is in the 
line that takes air to the air-releasing 
mechanism in the exercise head. For awar 
shot you don’t need this line; you block it 
off by closing the blow valve. 

6. The fuel and water check valves keep fuel 
and water from flowing into the combustion 
flask before you fire the torpedo. 

7. The air check valves keep fuel and water 
from backing up into the air System before 
you fire the torpedo. 

8. The preheater is mounted in the path of the 
exhaust gases from the turbines. It warms 
the air before it goes to the reducing valve, 
to improve the action of the valve and all 
mechanisms using air. 


9. From the air strainer body, the air goes to 
the depth engine, steering engine, and gyro 
reducer. 

10. In a forged flask the bulkheads are re- 
movable; in the welded flask they are not. 
The welded flask is the newer type. 


11. The flask is inside the water compartment, 
attached to the water compartment bulkhead. 
It has a hole in the middle so that the main 
air pipe can pass through it. 

12. The main air pipe is shaped like a pigtail 
to allow for expansion and contraction in the 
torpedo when the temperature change s. 

13. The sea water cools the combustion System, 
and keeps its temperature within limits. 

14. The pipes carry (a) flask-pressure air to 
the starting and reducing valve; (b) fuel to 
the restriction valve; (c) water to the re- 
striction valve; (d) air from the reducing 
valve to the fuel and water air checks; (e) 
vented fuel, water, and air from the vent 
fitting to the afterbody. 

15. The reducing valve is so designed that when 
the working pressure gets too high, ittends 
to close the valve and cut down the air sup- 
ply; when the working pressure drops too 
low, it lets the valve open wider. 

16. The nozzle valve, restriction valve, and gear 
shift are the component s of the speed change 
mechanism. The Mk 14 torpedo does not 
have a gear shift. 
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Chapter 7 

AFTERBODY AND TAIL SECTION 


1. The starting lever and the inertia weight 
must BOTH be moved aft. 

2. The governor stops the torpedo if the engine 
reaches an excessive speed. 

3. A gear on the oil pump shaft turns the gov¬ 
ernor; a worm at the lower end of the second 
turbine spindle turns the pump shaft through 
a worm gear. 

4. The paired parts are: turbine, turbine 
spindles, turbine pinions, maindrive gears, 
bevel pinions, bevel gears, propeller shafts 
and sleeves, and propellers. 

5. The torpedo needs a balanced engine because 
in an unbalance*d engine, the rotating parts 
would s et up a gyroscopic action that would 
interfere with steering the torpedo. In a 
balanced engine, the gyroscopic forces can- 
cel out. 

6. The first turbine spindle is supportedby the 
middle and upper bearings in the spindle 
casing. The second turbine spindle is sup- 
ported by the top bearing, and by the lower 
bearing in the spindle casing. 

7. The thrust of the after propeller shaft is 
transmitted to the torpedo shell by the for- 
ward thrust bearing, through the turbine 
spindle casing, the A-frames, and the tur¬ 
bine bulkhead. 


8. In the Mk 14, the turbine pinions mesh di- 
rectly with the main drive gears. In theMk 
15 the turbine pinions are connected to the 
main drive gears through the side gears. 
The side gears make it possible to change 
the torpedo's running speed by changingthe 
gear ratio of the engine. 

9. One line goes to the turbine spindle bearings; 
the other goes to the crosshead. 

10. The turbines must turn about 9 times. 

11. The exhaust valves keep water from enter- 
ing the afterbody through the exhaust tubes 
at the end of an exercise run, and when the 
torpedo is flooded in a submerged tube. 

12. The gear ratio is the number of times the 
turbines must turn for each turn of the 
propeller s. 

13. Some of the principal parts carried in the 
tail section are the propeller s, the tail 
blades and rudders, the sleeves and hubs 
that support the propeller s, and the rods and 
yokes that turn the rudders. 

14. One pair of rudders guides the torpedo up 
and down, the other pair guides the torpedo 
left and right. 

15. Another name for the “horizontal steering 
engine” is the depth engine. 


Chapter 8 

TORPEDO CONTROL MECHANISMS 


1. The two properties of a gyro that make it 
useful for steering a torpedo are rigidity 
in space and precession. 

2. If you try to tilt the axis, it turns; if you 
try to turn it, it tilts. 

3. We mean that the gyro is free to turn about 
any of three axes, each of which is perpen- 
dicular to the other two. Thus the gyro can 
remain rigid in space, regardless of how we 
move its support. 

4. The gyro wheel is free to rotate, ona fore- 
and-aft axis, on bearings in the inner gimbal. 
The inner gimbal is free to rotate, on a 
cross-ships axis, on bearings in the outer 
gimbal. The outer gimbal is free to rotate 
on a vertical axis, on bearings at the top and 
bottom of the gyro pot. 


5. A gyro is in static balane e when the center of 
gravity of the gyro assembly lies at the 
inter section of its three axes. 

6. At the start of the run, the gyro axis lies 
along the line of sight of the point where the 
torpedo will strike the target. Exceptat the 
Equator, the rotation of the Earth will soon 
move the line of sight to a new direction, 
while the gyro axiskeeps its originaldirec¬ 
tion in space. So the gyro axis will creep 
away from the line of sight. (Or to be 
strictly accurate, the line of sight will creep 
away from the gyro axis.) 

7. The higher the latitude, the more the creep. 
The longer the torpedo runs, the fartherits 
gyro will creep. 
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8 . 


9. 


10 . 


11 . 


12 . 

13. 


1 . 

2 . 

3. 

4. 

5. 

6 . 


7. 


8 . 


9. 


10. 


By adjusting it to unbalance the gyro and 
make it precess, so that the preces sion can- 
cels the creep. 

Air from the gyro reducer goes through 
passages in the gimbals, and strikes the 
turbine buckets. 

One spur gear meshes with the spinning 
gear of the spinning and unlocking mecha- 
nism. The second is to balance the weight 
and air resistance of the first. 

First, it brings the gyro rotor up to full 
speed. Second, it unmeshes its spinning 
gear from the gyro spur gear. Third, it 
withdraws its centering pin and unlocks the 
gyro. 

The pallet mechanismtakes signals from the 
gyro, without disturbing it, and passes them 
on to the steering engine. 

The pallet slide gets its back-and-forth 
motion from a rotating cam, driven by the 
cam bevel gear. 


14. From the torpedo’s maindrive shaft through 
the driving connection, driving spindle, and 
bevel pinion. 

15. The hydrostatic diaphragm determines 
whether or not the torpedo is running at the 
proper depth. 

16. The pendulum Controls the angle at which 
the torpedo changes depth, and prevents 
overshooting. 

17. When you move the steering engine in one 
direction its piston moves full-throw in the 
opposite direction. The piston of the depth 
engine moves in the same direction as its 
valve, and can follow the valve to any inter- 
mediate position. 

18. An electric contact reads the position of the 
gyro in advanced underseas weapons. 

19. One advantage is that the electric device is 
extremely accurate, and another is that the 
contact is silent. This enables the torpedo 
to run much quieter than if it had the pallet 
mechanism of the air- steam torpedo. 


Cnapter 9 


BASIC ELECTRICITY 

An electric current is the movement of elec- 
trons through a conductor. 

Conductors allow free motion of electrons; 
insulators tend to prevent electron motion. 
The generally accepted theory of electron 
flow of today is that current flows from the 
negative to the positive. 

Two other names for electrical pressure 

are ( 1 ) electromotive for ce, and ( 2 ) potential. 

The three ways of expressing the formula of 

E E 

Ohm’s law are: I =- 77 » E = IR, and R =—. 

R I 

In a series Circuit the elements are con- 
nected end to end; in a parallel Circuit the 
elements are connected independently to the 
same power source. 

The resistance is 37,000 ohms; its tolerance 
is 5 percent. 

A voltmeter mea sure s the differ ence in po¬ 
tential between two different points in an 
electric current. 

An ammeter measures current. You connect 
it in series with the element in the Circuit. 
The two most commonly used types of bat- 
teries in torpedoes in present use are the 
silvercel and lead-acid. 


AND ELECTRONICS 

11. By using a voltmeter to check the voltage 
aeros s the cell terminals or by using a 
hydrometer to measure the specific gravity 
of the electrolyte. 

12. The silvercel battery is a high-rate, re- 
chargeable source of power in a small 
lightweight package. It can produce the same 
amount of electrical energy as other battery 
types, though it is only about one-fifththeir 
size and one-sixth their weight. 

13. Constant-potential variable current and 
constant speed. The compound motor is a 
combination of the series and shuntmotors. 

14. The amplifier Circuit takes a very small 
signal and amplifies it many times so that 
it can be used. 

15. Oscillator circuits generate a-c voltage at 
any desired frequency. 

16. Within limits, the VR tube holds the d-c 
voltage at a predetermined point in spite of 
current variation. 

17. The filter Circuit removes the ripple from 
the pulsations in the rectifier output. 
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18. Rectification is changing a-c voltage into a 
pulsating d-c voltage. Amplification is 
changing a small a-c into a larger a-c 
voltage. 

19. According to elements, the four basictypes 
of vacuum tubes are diode, triode, tetrode, 
and pentode. 

20. A step-up transformer receives electrical 
energy at one voltage and delivers it at a 
higher voltage. A step-down transformer 
receives energy at one voltage and delivers 
it at a lower voltage. 


21. Generally, oscilloscopes are used to align 
and te st electronic equipment, to makehum 
measurements, to make frequency com- 
parisons, to observe complex waveforms, 
and to measure percentage of modulation. 

22. Another na me for audio signal generator is 
audio oscillator. It is used to produce an 
alternating voltage of the desired audio 
frequency and amplitude. 


Chapter 10 

TORPEDO DISASSEMBLY AND OVERHAUL 


1. The four different kinds of work in torpedo 
rgpair and maintenance are adjustments, up- 
keep routines, after-runtreatment, andover- 
haul. 

2. The adjustments, upkeep routines, and aft er - 
run treatment are performed aboard combat 
ships. Torpedo overhaul must be done on 
tenders, or ashore. 

3. The torpedo may be in a ready, a modified 
fully ready, fully ready, or due for overhaul 
condition. 

4. The purpose of upkeep routines is to keep 
the torpedo in top condition, ready to fire, 
while it is stored in the tube or rack. 

5. The after-run treatment may prepare the 
torpedo for a second exercise shot, or pre- 
serve it from further deterioration until it 
can be overhauled. 


6 . It is important that you work from the OP 
or the checklist because overhauling involves 
hundreds of operations that you must perform 
in the right way, in the right order, with 
the right tools, without skipping a single 
step. 

7. The things to be accomplished when over- 
hauling a torpedo are: (1) disassemble the 
torpedo and clean ali its parts; (2) inspect ali 
the parts for defects; (3) repair or replace 
the defective parts; (4) reassemble the parts, 
with the proper clearances and the proper 
lubrication; (5) te st operation of the individ- 
ual mechanisms; (6) te st the operation 
of the torpedo as a whole; and (7) treat 
the parts to protect them from rust and 
corrosion. 


CHAPTER 11 

TORPEDO ADJUSTMENT AND MAINTENANCE 


1. Another name for air accumulators is "air 
banks.** They are used as storage tanks for 
high-pressure air. 

2. The separators remove moisture from the 
air before it enters the torpedo. 

3. The safety strap will keep the charging nut 
from being violently blown out of the tor¬ 
pedo if the threads should carry away. 

4. The bleeder valve vents the air betweenthe 
charging stop valve and the torpedo stop 
valve. 


5. You should allow the air flask to cool 
naturally. Artificial cooling will strain the 
flask, and make it dangerous for handling. 
And if you spray the hot flask with water, 
it might even crack. And a crack would be 
followed almo st instantly by an expio sion. 

6 . Hang a sign on the flask to show that it's 
"charged." Don*t hoist it from a submerged 
torpedo room, or strike it below. Protect 
it from shock, heat, and direct sunlight. 
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7. The factors that determine the choice of a 
lubricant are the metals the two surfaces are 
made of, the smoothness of the sur faces, 
the area in contact, the pressure and clear- 
ance between the surfaces, the operating 
temperature, and the operating speed. 

8 . The proper lubricant for each part of the 
torpedo is specified in the checkoff lists. 

9. The preservative keeps air and moisture 
from reaching the metal surface, and thus 
protects it from rust and corrosion. 


10. The two rules to keep in mindare (1) lubri¬ 
cate all parts that call for one type of 
lubricant before you go on to parts that call 
for another type, and (2) finish each part 
complet ely, and repla ce its oil plug before 
you go on to the next part. 

11. It is necessary to use a water-alcohol mix¬ 
ture in the water compartments when you 
expect the temperature to dropbelowfreez- 
ing. 

12. Pour-point depressant is used to prevent 
the hot-running torpedo oil from getting 
thick. You mix it at the rate of 6 ©unces to 
each 5 gallons of oil. 


CHAPTER 12 

ABOVE-WATER TORPEDO TUBES AND LAUNCHING SYSTEMS 


1. Some of the purposes of the torpedo tube 
are (1) to hold and protect the torpedo until 
you fire it, (2) to provide a way of setting 
the gyro angle, running depth, and speed, 
either mechanically or electrically, (3) to 
launch the torpedo ciear of the firing ship, 
and (4) to start the torpedo in the direction 
calculated to score a hit. 

2. The two types of above-water torpedotubes 
are the trainable and the fixed tubes. 

3. Trainable tubes are not needed with ad- 
vanced underseas weapons because the con- 
trol mechanisme of the advanced under seas 
weapons are able to rearrange themselves in 
such a manner as to pursue the target. 

4. Some basic units of the torpedo tube are the 
barrel, breech door, stop mechanism, and 
firing mechanism. 

5. The stop mechanism keeps the torpedo sta- 
tionary in the tube barrel, and releases it 
at the moment of firing. 

6 . The lands add strength to the barrel and 
support and guide the torpedo when you load 
it and fire it. 

7. The breech door seals the chamber in the 
tube behind the torpedo so that the torpedo 
may be fired; and it furnishes access tothe 
tube for loading torpedoes through the 
breech end. 


8 . At the instant of firing the firing mechanism 
lifts the stop bolts so the torpedo will be 
free to move forward, and it admits a charge 
of compressed air into the breech end of the 
tube to eject the torpedo. 

9. The interlock mechanism serves as a safety 
device to prevent unsafe operation of the 
torpedo tube. 

10. The principal operations of the operating 
cycle of the Mk 24 Mod 0 tube are (1) prep- 
aration for loading, (2) loading, (3)prepara- 
tion for firing, and (4) firing. 

11. Most important jobs intube maintenance for 
you as a TM 3 are lubrication and keeping 
the tubes clean. 

12. You should shut off the high pressure air 
line to the air flask, bleed the air flask to 
zero pressure, and take the torpedo from 
the tube. 

13. The component parts of the launching System 
are the launching rack, the pneumatic Sys¬ 
tem, and the electric System. 

14. The launching rack support s the torpedo and 
catapults it over the side of the firing ship. 

15. The destroyer-type and patrol vessels carry 
two launching racks, one on each side. 

16. The pneumatic System Controls the flow of 
compressed air to operate the launching 
rack. 

17. The compressor is used to supply air tothe 
accumulator on those vessels which do not 
have an adequate air supply. 
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Appendix I-ANSWERS TO QUIZZES 


CHAPTER 13 

SUBMERGED TORPEDO TUBES 


1. Marks 43 and 45 and mods are used in the 
bow ne st on the 563 through 568 class sub- 
marines. Marks 44 and 46 and mods are used 
in the stern nest. 

2. In hydraulic ejection, a charge of water ejects 
the torpedoes; in pneumatic ejection a charge 
of compressed air ejects the torpedo. 

3. Three advantages of hydraulic ejection over 
pneumatic ejection are: (1) ability to launch 
torpedoes at any operating depth, (2) bubble- 
less ejection, and (3) quieter ejection. 

4. The compensating System provides a means 
of taking sea water into the vesselto neutral- 
ize the unbalance created by torpedo firing, 
thereby maintaining the vessel*s trim. 


5. You should open the tube vent valveto as sure 
that ali air pressure has been vented from 
the tube. It should be left open during loading 
to prevent buildup of back pressure as the 
torpedo moves into the tube. 

6 . Possibly the most important differ ence in the 
bow and stern tubes of the submarines class 
563 through 568 is the elimination of the 
ejection mechanism on the stern tubes. 

7. It is important to choose the right lubricant 
because some lubricants which are satisfac- 
tory for one material will corrode others, 
especially under salt and moisture conditions. 

8 . Each working part should be exercised at 
least once a week, oras the necessity arises. 


CHAPTER 14 

TORPEDO FIRE CONTROL 


1. The line of sight, the target track, and the 
torpedo track. 

2. The sight angle—the angle between the line 
of sight and the torpedo track. 

3. A mechanical computer is used because the 
solution has to be accurate and instant. 

4. The torpedo director is used on surface 
ships. 

5. Own ship’s course and relative target 
bearing. 


6 . Target speed, torpedo speed, intercept 
offset, target course, and latitude cor- 
rection. 

7. Torpedo course order and gyro angle. They 
go to the torpedo course indicator at the 
tube mount. 

8 . In submarine fire control the answer to the 
problem is gyro angle. 

9. The Torpedo Data Computer is used to solve 
the submarine fire control problem. 

10. The indicator-regulator sets the gyro angles 
on all the torpedoes in the nest. 


CHAPTER 15 
DEPTH CHARGES 


1 . We can launch depth charges either from a 
track on the stern of a ship, or from a pro¬ 
jector on the side of the ship. 

2. They are classified as hydrostatic percus- 
sion and influence types. 

3. TNT or HBX is commonly used as the main 
charge. 

4. W e launch a whole * ‘pattern* * of depth charges 
because it*s very hardto determine the exact 
position and depth of a submerged submarine. 
A single depth charge wouldhave little chance 
of damaging it. The large pattern of charges 
has a much better chance. 


5. Depth charges are launched from the stern of 
the ship by dropping them from tracks. 

6 . Depth charges are launched from starboard 
and port of the ship by firing them from 
projector s. 

7. Water pressure provides the force that ex- 
tends the bellows in the pistol and the booster 
extender. 

8 . The wiping piate s on the depth charge auto- 
matically remove the knobbed safety fork and 
break the knobbed safety cover as the charge 
drops. 
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TORPEDOMAN'S MATE 3 & 2 


CHAPTER 16 

DEPTH CHARGE TRACKS AND PROJECTORS 


1. The usual pattern of depth charges against 
submarines is 10 or more charges —6 fired 
from the projector s, and 4 to 6 rolled from 
the stern tracks. 

2. Each pawl bar on the Mk 9 tracks secures 
one depth charge against moving forward. 

3. The letter-designated tracks are best 
adapted to small craft. 

4. The three types of release Controls are 
local 9 hydraulic, and electric-hydraulic. 

5. In a local track control you unlatch the 
operating lever by squeezing the grip re¬ 
lease on the handle. 

6 . The pinion connects the two hydraulic rams 
so that they move equaldistances in opposite 
directions. 


7. They reverse their motion at the end of each 
half cycle. 

8 . By transmitting hydraulic pressure from 
one unit to the other, hydraulic fluid re- 
produces the motion of the bridge Controls 
in the track control. 

9. It is desirable to install the bridge control 
below deck because it is then less exposed 
to battle damage. 

10. The arbor stem fits in the bar rei of the 
projector, while the arbor tray holds the 
charge in launching position at the muzzle 
end of the bar rei. 

11. You should open the breech and retract the 
firing pin. 

12. You should give the breech mechanism a 
thorough te st and overhaul. 


CHAPTER 17 

HANDUNG, SHIPPING, AND STOWING 


1. The hoisting strap should be placed around 
the air flask section in st e ad of the midship 
section of the air- steam torpedo because the 
midship section is not strong enoughto sup- 
port the weight of the torpedo. 

2. You should never hoist a torpedo when you 
are alone because personnel are needed to 
steady the torpedo at both no se and tail. 

3 . If you leave a torpedo in a truck or on chocks 
for any length of time you should secure it 
to keep it from moving. It could be dangerous 
to both you and the torpedo if the torpedo 
rolls off. 

4. Never turn a torpedo with the tail vanes be¬ 
cause the tail vanes are not strong enoughto 
take the strain. If you bend them even a few 
degrees, the torpedo will make afaultyrun. 

5 . Warheads may be stowed in a horizontal po¬ 
sition when no other warheads or equipment 
are stowed on top of them. 


6 . Attach a Steel protecting ring to protectthe 
warhead flange from damage. 

7. Give the torpedo a complete aft er-runtr eat - 
ment. 

8 . The record books should be forwarded by 
REGISTERED MAIL. unless it can be de- 
livered by hand. 

9. When a torpedo is expended, the record book 
is returned to the Central Torpedo Office, 
Newport, R.I. 

10. Set the torpedo firmly against the stopbolt, 
and tighten the tail stop so that the torpedo 
can*t move. 

11. Primary magazines are designed to stow a 
ship*s complete allowance of ammunition. 
Ready Service magazines are designed for 
temporary stowage of a small part of the 
ship's ammunition. 

12. Electric detonator s must never be stowed 
near radio apparatus or antenna leads. 


288 


Digitized by v^.ooQle 




Appendix I-ANSWERS TO QUIZZES 


CH APTER 18 

ADVANCED UNDERSEAS WEAPONS 


1. An active homing torpedo sends out signals 
and homes on the echoes; a passive homing 
torpedo homes on the noises fromthe target. 

2. Some homing torpedoes ha ve only a single 
propeller because one propeller makes less 
noise than two. 

3. The absence of the second propeller, thedrive 
gears, the pallet mechanism, and the 
compressed-air depth and steering engines 
make the homing torpedo quieter. 

4. A transducer transmits and receives sound; 
a hydrophone only receives sound. 


5. The enabling feature protecte the firing 
ship by keeping the homing circuit s out of 
operation during the first part of the torpedo 
run. 

6 . The anti-circular run (ACR) circuit sinksthe 
torpedo if it starts to circle while it*s near 
the firing ship. 

7. The safety cutout (SC) circuit sinks the tor¬ 
pedo if the enabling feature or the ACR Cir¬ 
cuit fails to function. 


CHAPTER 19 
SAFETY 


1 . You may find safety precautions in the U.S. 
Navy Safety Precautions Manual, U.S. Navy 
Regulations, and Bureau of Ordnance 
Manual. 

2 . If you don’t under stand the exact meaning of 
a safety order, ask your senior petty officer 
or department head what it means. If he 
doesn’t know, he will find out through the 
commanding officer from BuWeps. 

3. If you have suggestions for adding toor im- 
proving any safety order s, send your sug¬ 
gestions through channels to BuWeps. 

4. You should make alterations only when you 
have specific authorization from BuWeps. 

5. Never. Because a hot running torpedo on 
deck will destroy itself, and seriously en- 
danger all personnel in the area. 


6 . Hot water only may be used for cleaning 
inside the air flask. 

7. Always pour the acid into the water. NEVER 
pour water into a strong acid. 

8 . You should flush it off IMMEDIATE L.Y, with 
plenty of water. If it covers a large area, 
get under the shower—quickly. 

9. Turn in defective depth charges to an am- 
munition depot at the first opportunity. 

10. The three methods of artificial respiration 
discus sed in this chapter are mouth-to- 
mouth, back-pressure arm-lift, and back- 
pr es sure hip-lift. The mouth-to-mouth 
method is the preferred method. 
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Navy No. 
SN-229A 

SN-229B 


SN-229C 


SN-648 

SC-793 


MN-1192 


APPENDIX II 

TRAINING FILM LIST 


Film Title and Description 

Current Electricity— Part 1. (24 frames— 

B&W—S ilent—Unclassified— 1942.) Dis¬ 
cus ses basic principies of electric current 
in a circuit 9 explains and illustrates current 
flow through a conductor in terms of water 
flow through a pipe. 

Current Electricity—Part 2, (27 frames— 
B&W—S i lent—Unclassified— 1942.) Ex¬ 

plains basic principies underlying the flow 
of electric current, and defines and illus- 
trates Ohm's Law. Continues comparison 
of flow of electrical current through a con¬ 
ductor to flow of water through pipes. 

Current Electricity—Part 3. (26 frames— 
B&W—S ilent—Unclassified— 1942.) Ex¬ 

plains characteristics of series and parallel 
Circuit s; makes further compar ison with 
water flow; explains application of Ohm’s 
Law; and defines Kirchoffs “Current Law** 
and "Voltage Law.*' 

Capacitive Reactance. (29 frames—B&W — 
Silent—Unclassified— 1942.) Explains basic 
theory of capacitive reactance and applica¬ 
tion to radio instruments. 

Alternating Current—Basic Electricity Kit. 
(92 frames—B & W—Silent—Unclassified— 
1943.) Emphasizes importance of alternat¬ 
ing current and compares A.C. with D.C. 
Explains, by means of diagramatic sketches 
with descriptions, such terms as induction, 
resistance, and henry. Mathematical for¬ 
mulae are presented with pieturization of 
their use and derivat ion. 

Physics of Sound as Applied to Echo Ranging 
Devices. (33 min. —B&W— Sound— Unclassi¬ 
fied— 1942.) Describes the characteristics 
of sound waves, explains the meaning of 
“super sonic s,“ “attenuation," and “scat- 
tering," shows the effect of temperature 
and range on echoing, and illustrates re- 
verberations, the Doppler effect, water 
noises, and the essential features of sound 
gear. 
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Appendix H-TRAINING FILM LIST 


Navy No. 
MN-1452C 


MN-1730E 


MN-1730F 


MN-1730G 

SN-1807A 


SN- 1807B 


Applicable 

Film Title and Description to Chapter(s) 

Anti-Submarine Weapons— "The Hedgehog" 15 

(Projector 10). (50 min, —B&W—Sound— 

Unclassified— 1943.) Discusses the advan- 
tages of an ahead-thrown attack over a 
stem dropped depth charge attack, ad- 
vantages of the pattern and the firing order. 

Shows sinking time, advantages of fast sink- 
ing and attack procedures. 

Elementary Hydraulica—Liquid in Motion. (13 2 

min. —B & W—S ound-Unclassified— 1944.) 

Principies of liquids at re st are reviewed 
and pressure energy and velocity energy 
are defined and illustrated. Explains energy 
output in relation to resistance and flow, 
and illustrate s energy output variance with 
three different lengths of pipe. 

Elementary Hydraulics—Characteristics of 2 

Hydraulic Fluids. (10 min. —B&W—Sound— 

Unclassified— 1944.) Essential qualities of 
hydraulic fluids are explained and illus¬ 
trated. Points out that they (1) must be able 
to lubricate moving parts, reduce friction, 
and prevent wear; (2) must be free of water, 
rust, and other impurities; and, (3) that they 
must be of prober viscosity for the job. 

Elementary Hydraulic s—Simple Hydraulic Sys- 2 

tems. (17 min, —B8tW—Sound—Unclassi¬ 
fied— 1944.) Hydraulic jack and hydraulic 
braking system of an automobile are used to 
demonstrate features of simple hydraulic 
Systems. 

Ammunition—General Description of Ammu- 4 

nition. (16 min. — 81 frames—B&W—Sound— 

Unclassified— 1943.) Discusses bag ammu¬ 
nition and case ammunition, which is fixed 
or semi-fixed. Traces the history of fire 
power and names the parts of a projectile 
as the detonator, booster, and booster 
charge. 

Ammunition—Propellants and Primers. (20 7 

min, —81 frames—B&W—Sound—Unclassi¬ 
fied—1944.) Studies, in detail, the three 
elements that send a projectile to a distant 
target; propellant, Container, and primer. 

Explains history of black powder and 
smokeless powder, and examines, in detail, 
the casepercussionprimer case percussion 
ignition prime r, case combinat ion ignit ion 
primer, and lock combination primer. 
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Navy No. 
MN-2098A 

MN-2850 

SC-6655 

MN-6743 


MA-7812B 


TORPEDOMAN f S MATE 3 & 2 


Film Title and Description 

Destroyer Torpedo Control— Part 1 —Triangle 
of Torpedo Fire. (18 min, —B&W—Sound— 
Uncias sified— 1944.) Gives an under standing 
of basic principies and definitions relating 
to the triangle of torpedo fire. Explains 
component elements of triangle fire in de- 
tail. Demonstrates solving for sight angle 
by trigonometry and also using principies 
of “equal deflections.” 

Gyroscopic Creep and Precession in Tor- 
pedoes. (15 min. — B&W—Sound—Uncias si¬ 
fied—1943.) Demonstrates rigidity in space 
by use of a model gyro, creep, deflectiondue 
to creep in North and South latitudes and on 
the equator, and balance-nut positions. Ex¬ 
plains corrective precession, effect of 
earth’s rotation on fired torpedoes, and 
proper setting of the balance nut invarious 
firing latitudes. 

Electric Motors. (34 frames—B&W—Silent— 
Uncias sified—1942.) Demonstrates basic 
principies of the electric motor. 

Introduction to Torpedoes. (14 min. — B&W — 
Sound—Uncias sified— 1950.) Introductory in 
nature and briefly reviews the following: 
tactical situation for which torpedo was de- 
signed; carriers of torpedoes and firing 
procedures of each; TBF airplane, de- 
stroyers, PT boat, submarine. Major com- 
ponents of torpedo are shown in sectional 
views: warhead; power piant; controlmech- 
anism. Three types of torpedoes shown: 
steam; electric; Chemical. Exploder mech- 
anism, location and operation; the effect of 
latitude on the aim of the torpedo is also 
shown. 

Circuit Testing with Meters and Multimeters— 
Practical Application. (33 min. — B&W — 
Sound—Un c la s s if i e d—1951.) US Army 
TF11-1667 Meters and multimeters are in- 
dispensable in the operation, maintenance 
and repair of electronic equipment. The 
equipment described includes: Volt-Ohm- 
Milliammeters, the Wheatstone Bridge, 
decibel meter and tube te ster. A step by 
step procedure for using these meters is 
shown, followed by a description ofhowthey 
are used in testing transformer s, capaci- 
tors, resistors, telephone loop circuits, etc. 
It is emphasized that the technicians should 
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Appendix II—TRAINING FILM LIST 


Applicable 
to Chapter(s) 


Navy No. 


MN-8055 


MA-8504 


MN-9051N 


Film Title and Description 

read the operating manuals for this equip- 
ment, and keep them handy for reference 
purposes. Rigorous safety practices should 
be followed at all times. The film ends by 
stressing care of meters to preserve their 
accuracy. 

Hydrogen Peroxide—Handling Instructions. (10 19 

min, —B St W—S ound-Unciassified— 1955.) 
Describes the Chemical composition of 
NAVOL, its application, proper handling and 
loading of tanks with emphasis on safety 
precautions. 

Principies of Multivibrators. (26 min, —B St W— 9 

Sound— Uncias sified— 1956.) US Army TF11- 
2238. This film defines the theory ofoper- 
ation of multivibrators. The film opens with 
a brief introduction explaining the im- 
portance of multivibrators in the field of 
applied electronics, wherever timing is 
required as an element of operation, show- 
ing their connection to pulsed signals, the 
types of Circuit s needed and what kind of 
output can be expected. The film then goes 
into a detailed treatment of the action within 
the circuit s of: Free-Running Piate— 

Coupled Multivibrator; one-shot multivi- 
brator; synchronized multivibrator. 

Ordnance Functional Components, J-6D—Field 10 

Torpedo Unit Augmentation Group. (18 
min. —B St W—S o und—Uncias sified— 1945.) 

This group augments the work of a J-6B 
unit. Any torpedo can be disassembled, in- 
spected, repaired, and reassembled for use 
in exercise runs or for actual combat. 

Thirty fully ready torpedoes canbe supplied 
weekly. The unit has two officers and its 
nine trucks can be ready to travel in 48 
hours. 
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APPENDIX III 


QUAUFICATIONS FOR ADVANCEMENT IN RATING 

TORPEDOMAN’S MATE (TM) 

Ouols Curront Tkrough Changt 17 


Gonoral Rating 
Scopt 

Torpedoman’s mates: maintain, test v repair, and overhaul underwater 
ordnance such as torpedoes and depth charges launched from naval vessels 
and aircraft; maintain and repair torpedo firing equipment and depth charge 
release equipment; operate torpedo directore; supervise stowage ofunder¬ 
water ordnance; serve on surface craft and submarines, at aviation activi- 
ties and repair shops; prepare for launching; and launch and recover 
torpedoes. 

Servies Rotings 

None, 

Poth of Advancomont to Worrant OfRcor and Limitod 
Duty Officor 

Torpedoman’s mates advance to Warrant, Underwater Ordnance Tech- 
nician and/or Limited Duty Officer, Ordnance. As an alternate, torpedo- 
man*s mates advance to Warrant, Mine War far e Te chnician and/or Limited 
Duty Officer, Ordnance, 

Navy Enlistod Classification Codos 

For specific Navy enlisted classifications included within this rating, 
see Manual of Navy Enlisted Classifications, NavPers 15105 A, codes 
TM-0700 through TM-0799. 

Oualifications for Advancomont in Rating 

1. Qualifications for advancement to a higher rate include the qualifi- 
cations of the lower rate or rates in addition to those stated for the 
higher rate. 

2. Practical factor s will be completed before re commendat ion for par- 
ticipation in the advancement examination. (Bureau of Naval Per son- 
nel Manual, NavPers 15791, Articles B 2327 and C 7201.) 

3. Knowledge factor s and knowledge aspects of practical factor s will 
form the basis for questions in the written advancement examinations, 
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Appendix m—QUALIFICATIONS FOR ADVANCEMENT IN RATING 


A. 


Qualifications for advancement in rating 


Appii cable 
Rates 
TM 


PREFIRING, RECOVERY, POSTFIRING, AND SHIPPING 
ROUTINES 


1.0 PRACTICAL FACTORS 


1. Charge or boost a torpedo air flash on own ship or 

station, observing safety precautions. 

2. Carge torpedo batteries.. . . 

3. Perform routine operational maintenance for upkeepof 

ready and fully ready torpedoes to which assigned, 
following checkoff lists. 

4. Perform operational tests and tube postfiring mainte¬ 

nance routine (including lubricat ion), of a torpedo 
mount and/or tubes on own ship f following checkoff 
list. 

5. Perform preliminary and final adjustments on a tor¬ 
pedo, following a checkoff list. 

6. Perform torpedo postrun treatment, (excluding film 

analysis), following checkoff lists on own ship or 
station. 

7. Test and prepare on own ship or station an exercise 

head for firing. 

8« Conduct torpedo firing System transmission check, 
using appropriate indicator panel aboard own ship . . . 
9. Direct recovery, handling, loading, and shipping of 
torpedoes and their components. 

2.0 KNOWLEDGE FACTORS 

1. Immediate postrun treatment required of type torpedo 

fired from own ship. 

2. Safety precautions applicable to handling: 

a. NAVOL. 

b. High pressure air. 

c. Battery acid. 

d. Explosives. 

e. Electric circuits. 

B. TORPEDO PROPULSION AND CONTROL MECHANISM 

1.0 PRACTICAL FACTORS 


3 

3 


2 


2 

2 

2 

2 

1 

1 


3 

3 

3 

3 

3 

3 


1. Locate and identify components v assemblies, and sub¬ 

as semblies of torpedoes and launching de vices by 
reference to associated drawings and diagrams. 

2. Read schematic and wiring diagrams and technical 

maintenance publications; identify and interpret elec- 
trical, electronic, hydraulic, and mechanical symbols 
shown in schematic and wiring diagrams and technical 
maintenance publications. 

3. Disassemble, cie an, inspect, reassemble, and test 

depth and steering mechanisms, and torpedo main 
engines on own ship or station. 


3 


2 


1 
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TORPEDOMAN f S MATE 3 & 2 


Appii cable 

Qualifications for advancement in rating Rates 

TM 

B. TORPEDO PROPULSION AND CONTROL 
ME CHANISM—Continued 

1.0 PRACTICAL FACTORS-Continued 

4. Perform allowable repairs to torpedo gyros and gyro- 

housings on own ship or station. C 

2.0 KNOWLEDGE FACTORS 

1. Ope rating principies and functions of the following 
torpedoes and their components: 

a. Steam/mechanical torpedoes. 3 

b. Acoustically controlled, electrically propelled tor¬ 
pedoes . 2 

c. Chemically driven torpedoes. 2 

2. Principies of operation of gyro scopes and gyrohousings 

and their application in torpedoes. 2 

3. Function and operating principies of depth and steering 

mechanisms and torpedo main engines. 2 

C. TORPEDO LAUNCHING EQUIPMENT 

1.0 PRACTICAL FACTORS 

1. Locate and identify components f assemblies, and sub¬ 

as semblies of torpedo mounts or tubes on own ship by 
reference to associated drawings and diagrams. 3 

2. Test and maintain torpedo mounts and/or tubes or 

racks on own ship, following checkoff list. 2 

3. Analyze casualties on, and make repairs to torpedo 

launching equipment on own ship or station. C 

2.0 KNOWLEDGE FACTORS 

1. Stations and duties of personnel assigned to torpedo 
tubes (fixed and trainable), mounts, and launching racks 
on own ship. 2 

D. BASIC ELECTRICITY, ELECTRONICS, AND 
ACOUSTICS 

1.0 PRACTICAL FACTORS 

1. Demonstrate under simulated conditions the rescue of 

a person in contact with an energized electrical Circuit, 
resuscitation of a person unconscious from electrical 
shock, and treatment for electrical and acid burns ... 3 

2. Demonstrate while servicing electronic components of 

torpedoes safety precautions such as tagging switches, 
removing fuses, grounding test equipment, and using 
shorting bars and rubber mats. 3 
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Appendix HI—QUALIFICATIONS FOR ADVANCEMENT IN RATING 


D. 


Qualifications for advancement in rating 


BASIC ELECTRICITY, ELECTRONICS, AND 
ACOUSTICS— Continued 


Applicable 

Rates 

TM 


1.0 PRACTICAL FACTORS—Continued 


3. Identify electrical, electronic, and hydraulic symbols 

used in schematic and wiring diagrams of torpedoes 
and exploder mechanisms and torpedo launching 
equipment. 

4. Inspect and clean commutators and commutator leads, 

and inspect and replace brushes on torpedo rotating 
electrical machinery such as motors or generators, 
on own ship or station. 

5. Operate voltmeter, megger, multimeter, oscilloscope, 

stroboscope, and test sets issued for use with tor¬ 
pedo workshop equipment. 

6. Remove, clean, test, charge, and replace torpedo 

storage batteries on own ship or station. 

7. Identify electrical characteristics of capacitors, re- 

sistors, and internal connections employed in elec- 
tronic circuits by RETMA color code. 

8. Perform continuity, ground, and short-circuit tests on 

a torpedo propulsion motor; test a torpedo propulsion 
motor for RPM; test and adjust a torpedo motor 
starting switch on own ship or station. 

9. Localize equipment casualties to subassemblies or 

parts in torpedo circuits; repair by replacement of 
subassemblies or parts. 

10. Test and replace parts such as resistors, capacitors, 

and coils in d. c. and a. c. circuits. 

11. Perform all electrical and electronic circuit tests of 

a torpedo; replace parts and adjust and aline com- 
ponents on own ship or station. 

12. Test and replace parts such as potentiometers, trans¬ 

former s, and vacuum tubes in oscillating, switching, 
detector, automatic volume control, rectifier, and d. c. 
and a. c. amplifier circuits. 

13. Make tests for short circuits, grounds, and continuity 

of anticircular run (ACR) circuit, safety cutout (SC) 
circuit, and depth disarmer. 

14. Verify that a torpedo as a completely assembled unit 

performs during all prefiring tests as prescribed in 
applicable ordnance pamphlets (OP’s). 


3 


3 

3 

3 

3 


3 

2 

2 

1 


1 


1 


C 


2.0 KNOWLEDGE FACTORS 


1. Effects of electrical shock. 3 

2. Safety precautions to be followed when radioactive 

electron tubes are broken. 3 
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D. 


Qualifications for advancement in rating 


BASIC ELECTRICITY, ELECTRONICS, AND 
ACOUSTICS-Continued 


Applicable 

Rates 

TM 


2.0 KNOWLEDGE FACTORS-Continued 

3. Electrical, magnetic, and electronic terms such as: 

a. Volt. 

b. Ohm. 

c. Ampere. 

d. Watt. 

e. Henry. 

f. Farad. 

g. Cycle. 

h. Conductor s and insulators. 

i. Flux density. 

j . Permeability. 

k. Frequency. 

4. Principies of electricity such as current, sources, 

resistance, circuits, and measurements. 

5. Application of Ohm’s laws and Kirchhoffs laws in 

d. c. circuits. 

6. Principies of direct and alternating current. 

7. Application of the laws of magnetism to d. c. motor s 

and generator s. 

8. Methods of calculating current, voltage, and resistance 

in series and parallel d, c. circuits containing not 
more than four elementa... 

9. Methods of testing transformer s and vacuum tubes . . 

10. Electrical and physical characteristics of electric 

motor s and generator s. 

11. Types, structure, and electrical characteristics oflead 

acid and silver cell storage batteries. 

12. Marking System used with interconnecting cables in 

torpedoes . 

* 13. Basic principies of sound as applicable to acoustic 

torpedoes . 

14. Types of information shown and meanings of electri¬ 

cal, electronic, and mechanical symbols used in 
schematic and wiring diagrams and technical mainte- 
nance publications. 

15. Functions of transducers, transmitters, receivers, 

servosystems, relay control circuits, and vibrators 
in torpedo circuits. 

16. Effects of resistors, capacitors, and coils in d. c. 

and a. c. circuits. 

17. Physical structure and operating principies of electron 

tubes used in torpedoes. 

18. Purpose and operation of enabling device, anticircular 

run (ACR) Circuit, safety cutout (SC) Circuit, and 
disarming devices. 


3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 


3 

3 

3 

3 

3 

3 


2 

2 

2 

2 

2 
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D. BASIC ELECTRICITY, ELECTRONICS, AND 
ACOUSTICS—CONTINUED 


2.0 KNOWLEDGE FACTORS-Continued 

19. Functions of resistors, potentiometers, capacitors, 
transformer®, and vacuumtubes in oscillating, switch- 
ing, detector, automatic volume control, rectifier, 
feedback network, and d. c. and a. c. amplifier 
circuits. 1 

E. TORPEDO FIRE CONTROL 

1.0 PRACTICAL FACTORS 

1. Start, stop, and operate torpedo fire control equipment 

at all torpedo fire control stations on own ship. 1 

2.0 KNOWLEDGE FACTORS 

1. Elementa of torpedo fire control surface problem ... 1 

2. Function of components of torpedo fire control Sys¬ 
tems . 1 

F. EXPLOSIVES AND EXPLODER MECHANISMS 

1.0 PRACTICAL FACTORS 

1. Make authorized tests and repairs to torpedo exploder 

mechanism test equipment (multimeter-type circuits). C 

2. Insta 11 and make allowable tests and adjustments to an 

exploder mechanism. C 

2.0 KNOWLEDGE FACTORS 

1. Safety precautions in handling and stowing of warheads, 

depth charges, boosters, detonators, igniters, impulse 
charges and primers, and characteristics of respective 
explosives contained therein. 3 

2. Functions of torpedo exploder mechanisms test equip¬ 
ment .. 1 

G. PNEUMATIC AND HYDRAULIC SYSTEMS 

1.0 PRACTICAL FACTORS 

1. Demonstrate knowledge of ordnance, high-pressure air, 

and hydraulic safety precautions. 3 
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Applicable 

Qualifications for advancement in rating Rates 

TM 

G. PNEUMATIC AND HYDRAULIC SYSTEMS-Continued 

1.0 PRACTICAL FACTORS—Continued 


2. Disassemble, clean, inspect, reassemble, test, and cali- 

brate a control valve on own ship or station. 2 

3« Disassemble, clean, inspect, reassemble, test and cali- 
brate a reducing and starting valve on own ship or 
station. 1 


2.0 KNOWLEDGE FACTORS 

1. Function of the following in pneumatic Systems: 


a. Pneumatic gages. 2 

b. Check valves. 2 

c. Reducing valves. .. 2 

d. Starting valves. 2 

e. Manifolds. 2 

f. Control valves. 2 


H. DEPTH CHARGES AND ASSOCIATED EQUIPMENT 

I. 0 PRACTICAL FACTORS 

1. Locate and identify components, assemblies, and sub¬ 

as semblies of depth-charge projector s and release 
tracks on own ship or station by refer ence to as soci¬ 
at ed drawings and diagrams. 3 

2. Clean, lubricate, inspect, and te st-operate a depth 

charge projector on own ship. 3 

3. Inspect, clean, lubricate, and test depth-charge tracks 

and release mechanisms on own ship. 3 

4. Perform routine inspection and maintenance on depth 

charges on own ship. 3 

5. Purge depth-charge release mechanism, refillwithre- 

quired liquids, and restore to operating condition. ... 2 

6. Inspect, test, and correct defects in depth-charge pro¬ 
jector electrical firing system. 1 

7. Perform complete tests including disassembly and re- 
assembly of depth charges and components on own ship 

or station. 1 

2.0 KNOWLEDGE FACTORS 


1. Safety precautions in handling and stowing of depth 


charges and characteristics of respective explosives 
contained therein. 3 

2. Projector safety precautions and characteristics of pro¬ 
jector impulse charges. 3 

3. Types, operating principies, and testing of depth 

charges and their components. 3 
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Appendix HI-QUALIFICATIONS FOR ADVANCEMENT IN RATING 


Appii cable 


Qualifications for advancement in rating 


Rates 

TM 


H. DEPTH CHARGES AND ASSOCIATED EQUIP¬ 
MENT-- Continued 


2.0 KNOWLEDGE FACTORS-Continued 

4. Types and operating principies of release gear and 

projector equipment for depth charges. 

5. Methods of laying and projecting depth charges. 

I. UNDERWATER ORDNANCE MAINTENANCE 

I. 0 PRACTICAL FACTORS 

1. Inspect, clean, and lubricate torpedoes, mounts, tube s, 

launching gear, and projector equipment onownshipor 
station in accordance with technical maintenance pub- 
lications. 

2. Select and demonstrate use of soldering equipment. . . 

3. Disassemble and reassemble an afterbody on own 

ship or station. 

4. Sweat a watertight or airtight flange, joint, stud, or 

lead. 

5. Conduct deckrun of torpedo on own ship or station 

using checkoff list. 

6. Effect authorized field changes to electronic com¬ 

ponent s or torpedoes in accordance with instructions 
and diagrams. 

7. Perform shop tests and adjustments on an acoustic 

torpedo on own ship or station. 

8. Perform casualty analysis on defective acoustic tor¬ 

pedoes and effect repairs or replacements as required 
on own ship or station. 

2.0 KNOWLEDGE FACTORS 

1. Major sections of an acoustic torpedo and component 

parts of each section. 

2. Lubricant s, preservatives, and cleaning materials 

used and safety precautions to be observed in the 
maintenance of torpedoes, depth charges, and as so¬ 
ciat ed equipment. 

3. Uses of te st equipment for torpedoes carried aboard 

own ship or station. 

J. ATOMIC WEAPONS 

1.0 PRACTICAL FACTORS 

None. 

2.0 KNOWLEDGE FACTORS 

1. Elementary principies offis sion and fusion reactions . . 

2. Shipboard handling and transportation safety require - 
ments for atomic weapons on own ship or station . . . . 


3 

2 


3 

3 

2 

2 

1 

1 

1 

C 


3 


3 

2 


1 

C 
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Qualifications for advancement in rating 


Appii cable 
Rates 
TM 


K. ADMINISTRA TION 


1.0 PRACTICAL FACTORS 


1. Record required information in the daily work log and 

torpedo record book. 

2. Locate information found inordnancepamphlets (OP’s) 

necessary for operation, maintenance, and repair of 
torpedoes, depth charges, and associated equipment; 
enter corrections to publicatione when changes 
occur . 

3. Prepare a Rudtorp Form (NAVORDINST 8510.17A) . . 

4. Locate information found in publications such as Bu- 

Ord Manual, NavOrd Lists, NavOrdalts, NavOrd In¬ 
structione and Notices, and NavOrd Allowance Lists; 
enter corrections to publications when changes 
occur . 

5. Take, record, and report inventories of tools and 

portable te st equipment available for operation, main¬ 
tenance, and repair of underwater ordnance. 

6. Obtain part and stock numbers fromtechnicaland sup- 

ply publications and prepare requisitions for tools 
and replacement parts. 

7. Prepare job orders and/or work requests. 

8. Organize, supervise, and train per sonnel in the opera¬ 

tion, maintenance, and repair of underwater ord¬ 
nance . 

9. Prepare and complete periodic or recurring reports 

concerning performance and/or maintenance of under¬ 
water ordnance. 

10. Maintain a current ship's maintenance project 
(CSMP). 


3 


3 

3 


2 

2 

1 

1 

C 

C 

C 


2.0 KNOWLEDGE FACTORS 


1. Purpose and information found in torpedo record books 

and work logs. 

2. Procedures required to obtain necessary technical 

publications... 

3. Types of information found in publications such as Bu- 
Ord Manual, NavOrd Lists, NavOrdalts, NavOrd In- 
structions and Notices, and NavOrd Allowance Lists. . 

4. Types of information reported in periodic or recurring 

reports, concerning performance and maintenance of 
underwater ordnance. 

5. Duties and re spons ibilities involved inhandling nuclear 

component s on own ship or stat ion. 

6. Duties and re spons ibilities involved in handling rocket 

boosters on own ship or station. 


3 

3 

2 

C 

C 

C 
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INDEX 


Above water torpedo tubes, 183-197 
fixed above water torpedo tubes, 189 
barrel, 189 

breech door mechanism, 189 
electric circuits, 195 
firing mechanism, 190- 194 
interlock mechanism, 194 
muzzle door mechanism, 190 
operation, 195 
stop mechanism, 194 
launching Systems, 197 
references, 197 
repairs, 196 

torpedo firing from above water fixed tubes, 
195 

trainable above-water tube mounts, 183 
barrels, 184 
breech door, 184 
depth setting, 187 
firing mechanism, 188, 189 
gyro setting, 187 
hydraulic unit, 186 
saddle, 183 

speed setting, 187, 188 
stand, 183 

stop mechanism, 184- 186 
tube maintenance, 196 
disassembly, 196 

Acoustic homing torpedoes, 260-266 
A-C theory (electricity), 148 
Adjusting and testing equipment, torpedo, 40 
Adjustment and maintenance, torpedo, 174 
advanced underseas weapons, 180, 181 
after-run treatment, 178, 179 
charging the air flask, 174- 176 
lubrication and preservation, 176-178 
procedure for, 174-176 
System of, 174, 175 
upkeep routines, 179, 180 
Afterbody and tail sections, torpedo, 11, 99-119 
air system, parts of, 99 
control valve, 99 
governor, 104 
preheater, 99 
starting gear, 99-104 
main engine, 104 

crosshead assembly, 108 
exhaust system, 115 


Afterbody and tail sections, torpedo—continued 
main engine—continued 
gear ratios, 115 

main engine of the Mk 15 torpedo, 111 
oiling system, 111-115 
thrust, 108 

turbines and turbine spindles, 108 
references, 119 
tail section, 116-119 

Afterbody, torpedo, 11 

After-run treatment of torpedoes, 178, 179 

Air flask section of torpedo, overhauling, 169- 172 

Air, fuel, and water Systems, torpedo, 74-97 
air system, torpedo, 74-81 
diagram of, 75-81 
parts of, 81, 82 
fuel and water Systems, 83 
air check valves, 86-88 
combination flask and nozzle unit, 94 
fuel and water check valve s and strainers, 
88 

igniter, 97 

speed change mechanism, 95-97 
stop and charging valve s, 85 
turbine bulkhead, 88 
references, 97 

Air pressure fittings, torpedo, 46 
Air-steam torpedo, 10 
construction of, 10, 11 
operation of, 12, 13 
in active Service, 13 
types of, 13 
Amatol, 53 

Ammonium nitrate, 53 
Ammonium picrate, 53 
Antisubmarine rocket, (ASROC), 266 
Antisubmarine weapons, 226-237 
depth charges, 226-237 
Arbor press torpedo, 41 

Artificial respiration, 274-277 

back-pressure arm-lift method, 274, 275 
back-pressure hip-lift method, 275, 276 
general rules, 276 

mouth-to-mouth rescue breathing, 274 
Ashcan depth charge, 227, 228 
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Assignments, Torpedoman’s Mates, 4 
ASROC (antisubmarine rocket), 266 
Atoms and mole cule s, 16 

Ballistite, 53 

Basic gyro angle 9 187 

Batteries, 151, 152 

Bench grinder, 42 

Bench tools, torpedo, 41-43 

Black powder, 53 

Booster charges, stowage of, 257, 258 

Booster extender, 229, 230 

Blasting gelat in, 54 

Bow tubas, 200-209 

Buoyancy and water pressure, 20-23 

Burns, treatment of, 272, 273 

Calipers, 38 
Centrifugal force, 17 
Charging air flask, 174- 176 
Chemical changes in matter, 19 
symbols and equations used in, 20 
Chemicals, 50-55, 270 
characteristics of, 53-55 
Chemical nature of, 50 
classification of, 50 
compos it ion, 50 
initiating expio sion, 52 
nature of explosive reaction, 50 
sensitivity, 51 
use in Service, 52, 53 
safety precautions in handling, 270 
Circuits, 146- 148 
Coils, 158 

Combustion flask, 11-13, 74-97 
Compositions, A, B, C, 55 
Conductors, electrical, 144, 145 
Control mechanisms, 120- 143 
depth, 138-143 
steering, 120-138 
variations in, 142 
Cordite, 54 
Coulumb, 145 
Course indicator, 215, 218 
Creep, gyro, 123, 126 
Crosshead assembly, 108 

Data computer, 221, 222 
definit ion of, 48, 49 
Deflagration, 50, 51 
Depth and roller recorder, 62 
Depth charges, 226-237 

in antisubmarine attack, 227 
interior construction, 228 


Depth charges—continued 
maintenance of, 237 
references, 237 
safety features, 234-236 
stowage of, 236 

testing hydrostatic mechanisms, 236 
types of, 227 

working parts of, 228-234 
Depth charges and projector s, 270-272 
Depth charge tracks and projectors, 238-252 
Depth disarmer, 265 
Depth mechanism, 138-143 
Depth setting, 187 
Detonation of explosive, 52 
Detonator s, magazine stowage of, 258 
Dividers, 39 
Drill press, 41 

Drills and taps, torpedo equipment, 44-46 
Duties of Torpedoman’s Mate, 3 
Dynamite, 54 

Electric shock, 273, 274 

Electricity and electronics, safety precautions 
in, 267, 268 

Electrical resistors, 148-150 
Electronic circuits, test instruments, 159-164 
references, 164 
test instruments, 159 
oscilloscopes, 161-163 
signal generators, 163, 164 
stroboscopes, 164 
voltmeter, vacuum-tube, 159 
Electricity, basic, 144-153 

abbreviations and symbols, 144 
batteries, 151, 152 
circuits, 146- 148 
conductor s and insulators, 145 
definitions of, 144 
electric current, 144 
meters, 150, 151 
motors, 152, 153 
Ohm’s law, 146 
resistors, 148-150 
Electronics, 153-164 
circuits, 154, 155 
parts used in, 155 
capacitors, 157-159 
rectifiers, 156 
switches, types of, 159, 160 
transformers, 156, 157 
vacuum tubes, 155, 156 
Engines, main, 104-116 

Exercise firing, safety precautions, 267, 270 
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Exercise head of torpedo, overhauling, 168, 169 
Exhaust System, 115 

Exploders, safety precautions in handling, 270 
Exploders, torpedo, 68 
basic principies, 65-73 
history of, 67, 68 
influence exploders, 71 
Mks 13, 14, 15, and 16, 68 
Explosive D (ammonium picrate), 54 
Explosives, military, 48-56 

Explosives, safety precautions in handling, 268, 
269 

Feeler gage, 39 

Fire control, torpedo, 212-225 
craft on surface, 212-218 
course indicator, 215 
director, 215 

fire control with fixed AW tubes, 215-219 
terms used in, 212-215 
references for study, 225 
submarine fire control, 219 
firing at submarine, 224, 225 
firing at surface craft, 221-224 
terms used in, 219-221 
with fixed AW tubes, 215-219 
Firing mechanism, 188-195 

fixed above-water tube mounts, 190- 195 
trainable above-water tube mounts, 188, 189 
First aid, 272 

artificial respiration, 274-277 
burns, 272, 273 
electric shock, 273 
shock, 273 

Fuel, air, and water System torpedo, 74-97 
Fuel and water strainers in torpedoes, 84, 88 
Fulminate of mercury, 54 

Oages 

depth, 29, 30, 40 
feeler, 39 

Gear ratios, 115, 116 
Governor, 104, 105 
Gun cotton, 54 
Gun powder, 54 
Gyro, 120 

Gyroangle indicator-regulator, 222, 223 
Gyro creep, 123-126 
Gyro pot, 127, 128 

Hacksaws, 44 
Hand drill, 44-46 
Handling gear, torpedo, 41 


Handling torpedoes, 253, 254 
hoisting, 253, 254 
transferring, 254, 255 
Headlight, torpedo, 63 
Head section of torpedo, 58 
exercise heads, 60-64 
accessories, 61-64 
construction of, 6l 
exploders, 65-73 
study refer ences, 73 
war-exercise heads, 64 
torpedo buoyancy, 64, 65 
warheads, 73 

Hoisting torpedoes, 253, 254 
Homing torpedoes, 260-266 
description of, 263-265 
homing feature, 263, 264 
safety features, 264, 265 
detecting sounds, 262 
hydrophones, 263 
transducers, 263 
types of, 260, 265, 266 
underwater sound, 261 
compression waves, 261 
frequency of sound waves, 262 
sound energy, 261 
speed of sound, 262 
spread of sound waves, 261 
vibration rate, 262 
Horsepower, 18 
Hydraulics, 22 
Hydrometer, 121 
Hydrophones, 263 

Igniter, 74, 81 
Impeller, 66 

Impulse charges, magazine stowage of, 257 
K-guns, 249, 250 

Lapping and polishing machine, 41 
Lathe, torpedo equipment, 43 
Launching Systems, torpedo, 197 
Lead azide, 54 

Lubrication and preservation of torpedo, 176, 
177 

Magazines for stowage, 256, 257 
cooling and ventilating, 256, 257 
lighting, 257 

primary and ready Service, 256 
sprinkler Systems, 257 

Magazine stowage of torpedo components, 257 
booster charges, 257, 258 
detonators, 258 
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Magazine stowage of torpedo components— 
continued 

impulse charges, 257 
primers, 258, 259 

Magazine stowage of underwater ordnance, 256 
cooling and ventilation, 256, 257 
lighting, 257 
sprinkler Systems, 257 
Main engine, 104-116 

propellar s, main engine, 107- 110 
Maintenance and adjustment, 174 
Maintenance of torpedo tubes, 196, 197 
Mk 6 depth charges, 227 
Mk 105 fire control System, 218, 219 
Mk 16 Mods 6 and 7 air-steam torpedo, 13 
Mk 15 Mod 3 air-steam torpedo, 13 
Mk 14 Mod 3A airsteam torpedo, 13 
Mk 9 Mods 2, 2, and 4 depth charges, 226-237 
Mk 6 Mod 2 depth charge projector, 249-257 
Mks 32, 35, 39 homing torpedoes, 266 
Mk 27 Mod 5, torpedo director, 215-217 
Mks 43 and 45 torpedo tubes, operation of, 207- 
209 

Mk 5-1 tube sight, 215, 218 
Matter, study of, 15-23 
Mercury fulminate, 54 
Meters, 150 

Micrometer caliper, 39, 40 
Midship section of torpedo, 11 
Molecules and atoms, 16 
Motors, 152, 153 
compound, 153 
syringe, self-leveling, 153 

Nitration, 50 
Nitrocellulose, 54 
Nitroglycerin, 54, 55 

Ohm’s law, 146 
Oiling system, 111-115 
Ordnance, underwater, 12 
Organization of ship, 7, 8 
Oscilloscope, 161 

Overhaul and disassembly of torpedoes, 166-173 
air flask section, 169, 172 
exercise head, 168, 169 
informat ion sources, 167 
ready torpedoes, 167 

Pallet mechanism, 133-137 
Physical changes in matter, 18 
Pierie acid, 49 
Pistol, depth charge, 230-237 
deep firing mechanism, 232-234 


Pistol, depth charge—continued 
Mk 6 Mod 0, 232-237 
Mk 9 Mod 3, 230-232 
safety features, 234-236 
shallow firing, 230 
Precession, principies of, 120, 121 
Precision lathe, 42-45 

Preservation and lubrication of torpedo, 176, 
177 

Primers, 52 

magazine, stowage of, 258, 259 
Projectors for torpedo launching, 249 
Propellers, 107-110 
Publications, 5, 6 

Qualifications for advancement, 3, 4, 294-302 

Ready torpedoes, overhauling, 167 
Records of torpedoes, 255, 256 
Rectifiers, 156 
Relays, 159 

Release tracks for launching depth charges, 
238-248 

letter-designated tracks, 240, 241 
Mk 3 type release track, 240 
Mk 9 type tracks, 238 
operation of, 239, 240 
release Controls, 241-248 
electric-hydraulic, 245-248 
hydraulic, 243-245 
local, 242, 243 

Resistors, electrical, 148- 150 
carbon, axial form, 149 
color code, 149 
meters, 150, 151 
power rating of, 149, 150 
wire-wound, 149 

Rigidity in space, principle of, 120, 121 
Rudders, 116-119 

Safety, 267-276 

accident prevention, 267-272 

torpedoes, torpedo air flasks, and acces- 
sories, 269 
Chemicals, 270 
depth charge projectors, 271 
depth charges, 270 
electricity and electronics, 267, 268 
exercise firing, 269, 270 
exploders, 270 

magazines and explosives, 268, 269 
torpedoes, torpedo air flasks, and acces- 
sories, 269 

artificial respiration, 274-277 
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Safety— continued 
first aid» 272 
burns, 272, 273 
electric shock, 273, 274 
shock, 273 

references for study, 277 
Safety features in homing torpedoes, 264 
SC (safety control) Circuit, 265 
Series and parallel circuits, 146- 148 
Ship organization, 7 
Shipping torpedoes, 255, 256 
preparation for, 255 
record books, 255, 256 
Shock treatment for, 273 
Signal generator, 163 
Sound, 261-263 

compression waves, 261 
detecting, 262, 263 
frequency of sound, 262 
sound energy, 261 
speed of sound, 262 
spread of sound waves, 261 
vibration rate, 262 
Speed setting, 187, 188 
Starting gear, Mk 14 torpedo, 99-102 
Starting gear, Mk 15 torpedo, 103, 104 
Static balance, 123 
Static electricity, 23 
Steel rule, 38 

Steering mechanism, 120-138 

control mechanisms, variations in, 142 
depth engine, 140-143 
depth mechanism, 138 
gyro mounting, 122-126 
angle fire, 137, 138 
creep, 123 

in the torpedo, 126- 128 
pallet mechanism, 133-137 
spinning and unlocking mechanism, 128 
steering engine, 137 
references for study, 143 
Stem tubes, 209, 210 
Stop and charging valves, torpedo, 11 
Stop mechanism, torpedo, 184 - 186 , 194 
fixed above-water tube mounts, 189 
Stowage of torpedo components, 257-259 
Stowage of underwater ordnance, 256 
Stowing torpedoes, 256-259 

magazine stowage of underwater ordnance, 
256, 257 

cooling and ventilat ion, 256, 257 

lighting, 257 

sprinkler systems, 257 


Submarine fire control, 219-225 
firing at submarine, 224, 225 
firing at surface craft, 221 
data computer, 221, 222 
gyro angle indicator-regulator, 222, 223 
salvo fire, 223-224 
terms used, 219-221 
Submerged torpedo tubes, 200-210 
bow tubes, 200-209 

compensating System, 200 
electrical setting, 200 
flood and drain System, 205-207 
general description of, 201-205 
hydraulic ejection, 200 
Mk 43 and Mk 45, operation of, 207-209 
maintenance of, 210 
references, 210 
stern tubes, 209, 210 
Switches, 159 

T ail section, torpedo, 116-119 
Teardrop depth charge, 228 
Tetryl boosters, stowage of, 257, 258 
TNT and HBX in depth charges, 228 
Tools and equipment, torpedo, 25-47 
adjusting and testing equipment, 40, 41 
air pressure fittings, 46 
bench tools, 41-43 
drills and taps, 44-46 
handling gear, 41 
list of tools, 26-37 
measuring instruments, 43, 44 
workshop equipment tools, 37-40 
Torpedo components, 

magazine stowage of, 257 
booster charges, 257, 258 
detonators, 258 
impulse charges, 257 
primers, 258, 259 
Torpedoes, basic informat ion, 7-23 
Torpedoes, basies, 15-23 
advaneed, 14 
air-steam, 10-13 
development, 7, 9, 10 
elements, 16 

for ce, work, and energy, 17 
launching, 7 
matter, nature of, 15 
mole cules and atoms, 16 
power and horsepower, 18 
specific gravity, 16 
States of, 16 
study references, 23 
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Torpedoes, basies—continued 
volume, 15 

water pressure and buoyancy, 20-23 
hydraulies, 22 
static electricity, 23 
Transducer, 263 
Transformer s, 156, 157 

Underwater ordnance, 1, 2 

Underwater ordnance, magazine stowage of, 256, 
257 

cooling and ventilation, 256, 257 
lighting, 257 
sprinkling Systems, 257 


Upkeep routines, 179, 180 

advanced underseas weapons, 180, 181 
air-steam torpedoes, 179, 180 


Volt, electrical, 145 
Voltmeter, 159 


Water compartment of torpedo, testing for leak- 
age, 172 

Water, fuel, and air System, torpedo, 74-97 
Water pressure and buoyancy, 20-23 
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